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NOW YOU CAN GET 


THE SCHLUMBERGER MICROLOG + THE SCHLUMBERGER SECTION GAUGE 


THE «SCHLUMBERGER 


SURVEY 


Here’s another first for Schlumberger — 

A Caliper run simultaneously with the MicroLog 
at no extra cost to the client. Two services 
made on one run for the price of 

the MicroLog only. 


The ability of the MicroLog to indicate 
porous zones and accurately define thin beds 
has been well established. The addition 

of the Caliper to the MicroLog provides other 
valuable information to determine casing 

and packer points, cement volumes and 

mud cake thickness, and it aids materially in 
better log interpretation. 


No added rig time — no added costs. 
Don’t just ask for a MicroLog — ask for a 


/ Schlumberger MicroLog- Caliper 
SCHLUMBERGER 


Well Surveying Corporation 


THE EYES OF THE OIL INDUSTRY See your local Schlumberger engineer about 


this new service. 
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HALLIBURTON 


OIL WELL CEMENTING COMPANY 


tanomark ror SERVIGE UNLIMITED 


Unimpressed by ceremony, oilmen judge by deeds not 
words. When the Halliburton landmark appears in the 
oil patch it goes without saying there’s “Service 
Unlimited.” 

This concept of service beyond the fee, service above = 
all, was adopted more than thirty years ago by i 
A L L U R T oO N Halliburton management... who believe that business 

is more than a device for making money, that greater 
OIL WELL CEMENTING satisfaction comes from performing the best possible 
service to the oil industry. 
COMPANY Spread thoroughly to every one of Halliburton’s 
DUNCAN, OKLAHOMA camps, this policy of “Service Unlimited” accounts for 
Worldwide leadership in its field. And research is our 
most important service. 


“PROGRESS IN SERVICE THROUGH RESEARCH” 2 
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THE BODY aii components of the new 

0-C-T 30,000 ib. test Christmas Tree are 
machined from carefully selected, special 
analysis steel. Each component has been 
tested individually to pressures far in ex- 
cess of the 30,000 ib. rating of the com- 
plete assembly. 


THE SEAL the Laurent Float Ring Seal is 
employed throughout the new 0-C-T 30,000 
ib. tree, in addition te conventional API 
Ring Seal gaskets. The Laurent Float Ring 

. » proved in hundreds of other applica- 
tions . . . is now used yoy: | by 0-C-T 
and has proven superior to any other tested 
in this extreme pressure range. 


THE VALVE w-x-m’s new high pressere ssure 
valves, used on the G-C-T 30, 

Christmas Tree, are designed with a he 
anced stem to overcome the heavy stem 
loads inherent to single stem valves. This 
valve requires much less effort to operate 
overcome on e op- 
eration. 
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TWICE BEFORE | 


THE CHOKE 


THE VALVE 
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THE CHOKE the choke employed im the 
design of the new 30,000 test ‘OCT 
Christmas Tree ee the standard 
and proved 0-C-T choke beans. They can 
be furnished with various wear-resistant al- 
loys. The special heavy design = is 
provided at this time only wi ositive 
choke. The choke body, however, is lesigned 
pA, that an adjustable choke is interchange- 


OIL CENTER TOOL CO. 
P. O. Box 3091, Houston, Texas 
Areas—Le Grand, 
South America—East West Giltoals, Lass 


Hotel, Maracaibo, Venez Address Export in- 
for Other —-% to P. 0. Box 3091, 


rt Representatives: Sterli 
cliff & Gell, Ltd., Rochester, 


with the first 10,000 Ib. test and 
first 15,000 Ib. test assembly 


OIL CENTER TOOL COMPANY 


HAS PIONEERED THE INDUSTRY’S 
HIGHEST PRESSURE 


WELLHEAD ASSEMBLIES 


Here is another in the growing list of O-C-T 
contributions to meet the challenges of the oil 
industry for safe, high pressure equipment. 
O-C-T has pioneered many other progressive 
pieces of equipment, including 
.. the first factory-assembled and tested 
Christmas Tree 
... the first 10,000 Ib. test Christmas Tree 
.. the first 15,000 Ib. test Christmas Tree 
. the first casing head with an automatic 
seal 
... the first and only flow control that gives 
the advantages of both a choke and a 
valve 
. the first dual equipment 
And now, we are proud to announce that Oil 
Center Tool Company research and develop- 
ment has produced this new high pressure 
Christmas Tree. Weighed on the scales in 
relation to its contributions to oil industry 
equipment progress, Oil Center Tool Com- 
pany has again taken the lead in serving 
the industry. 


This test rack is the final proving ground for all 0-C-T assemblies 
before they leave for the field. The rack is designed and arranged 
so that banks of the rack can be ogy separately and as many 
as 12 different assemblies . . . with 
. Can be tested at the same time. 


12 different test pressures 
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Experimental tests backed up by actual 
field data prove conclusively that when 
a a perforating is performed in the presence of 
clay-water muds, mud particles are forced 
$ into the newly opened shot-holes where 
o u rod ucti oO they are compacted by pressure and baked 
by excessive heat to form a solid plug that 

immediately seals the hole. 


In recent gun perforation tests performed with a clay- 
water mud containing caustic-quebracho, permeability 
was drastically reduced: 


“The shot hole made by each of the guns used in these 
tests was filled with a plug which was not removed by 
back-flowing . ..the plug formed in the bullet perfora- 
tion is relatively hard and dense. The plugs in the jet 
perforations also contain sand and mud solids, but, 
in addition, include a relatively large quantity of 
debris from the shaped charges ...(which) makes up 
the bottom portion of an extremely hard, dense plug.” 


(Effectiveness of Gun Perforating, Journal of Petro- 
leum Technology, January, 1954.) 


During these tests, made with commercially available 
guns of both types, flow rates through the plugged holes 
averaged 50.8% less than could normally be expected 
without plugging. Reduction in flow reached as high as 
78% in individual cases. 


Perforations through Black Magic 
remain clean and open 


In recent operations at High Island 
where recompletions and workovers 
‘are in progress, the ratio of successful 
z= wells perforated through clay-water 
a "S mud was 1:1. For each well that met 
7 = the predicted increase in production 
; Fe being perforated, there was one that failed. After 
switching to Black Magic oil base drilling fluid, 21 out 
of 22 wells met or exceeded the predicted rate and were 
deemed “‘successful.”’ 


With the aid of Black Magic, production in this field 
has been increased by 1603 B/D from April, 1952 to 
June, 1953, and has led to a standardized mud program 
in which all perforating (both recompletions and new 
ones) is done through Black Magic, and all workovers 
(except in wells in which crude oil is able to control 
pressures) are performed with a complete system of 
Black Magic. Don’t plug off your production by shoot- 
ing through a salt or fresh water mud—get maximum 
returns by perforating with Black Magic. 


For information on perforating with Black Magic, write 
for“ Better Well Completions with Weighted Oil Base Mud.”’ i 


OIL BASE, Inc. 


BRANCHES: Bakersfield * Long Beach + Ventura 
130 ORIS STREET, COMPTON, CALIFORNIA City © 
Jennings Harvey Calgary «+ Caracas 


Plants in Compton, Houston, Odessa, Duncan Lima, Peru « Paris, France * Cable Address: OB! 
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WHAT DOES 


mean 
to you? 


@ Effective and efficient 
removal of mud cake... 
but only from the area 
to be cemented. 


@ Virtually undisturbed 
filter cake in areas outside 
of the cementing area. 


@ Minimized possibility 
of mud “balling up” on 
Scratcher and 
resultant restriction 
of annulus. 


Examine this completely new Scratcher at your 
nearest supply store. Ask for the Baker MODEL 
“C” Wall Scratcher, or, if more convenient con- 
tact your nearest Baker Representative. 


Comparison will reveal that 

NO OTHER AVAILABLE SCRATCHER CAN 
CONTRIBUTE MORE TO THE SUCCESS OF A 
PRIMARY CEMENT JOB. 


The new Baker Model “C” Wall Scratcher provides you with CONTROLLED 
SCRATCHING . . . allows you to remove mud cake effectively, but only from the 
area to be cemented. More efficient removal of mud cake in the cementing area 
is assured by two rows of Scratcher Wires that provide more effective coverage of 
the 360° surface of the well bore than any other available scratcher. When the 
casing is being run, however, these wires lay nearly flat against the casing and 
thus leave the expensive and vital filter cake built up on areas other than the 
cementing area virtually undisturbed. 


The completely new design of the Model “C” Wall Scratcher provides more than 
ample strength to withstand rugged down-hole travel as well as the strain placed 
on the scratcher during the removal of mud cake. Greater strength is achieved 
through the additional thickness created by DOUBLE-SHELL CONSTRUCTION . . . 
Dous.e Runces formed into ihe outer shell provide increased rigidity ... Extra 
Heavy HINGE (in hinged model) formed as an integral part of inner shell pro- 
vides extra strength at this vital point ... a mew closing pin in this model permits 
easier installation and provides a positive lock. 

Choice of Hinged or Solid Ring 

The Baker Model “C” Wall Scratcher is available with a hinge for easier mounting 
as the Baker Model “C” Hinge-Lok Wall Scratcher, Product No. 900-C. A mode! 
without the hinge, the Baker Model “C” Solid-Ring Wall Scratcher, Product No. 
901-C is also available. 

Choice of Scratcher Wire Length 

The Baker Model “C” Wall Scratcher in both the hinged and solid-ring versions 
is available for use on all popular casing sizes in either of two scratcher wire 
lengths; .. . the C-25 (2%” wires) or the C-45 (412” wires). 


Write today for further information ... I a 
BAKKE! 


BAKER OIL TOOLS, INC. HOUSTON + LOS ANGELES NEW YORK WAL i 
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WHEREVER THERE IS OIL THERE 
ARE LUFKIN UNITS. 


WHEREVER THERE ARE LUFKIN 
UNITS THERE IS A HIGHLY TRAINED 
AND COMPETENT LUFKIN FIELD 
SERVICE MAN AT YOUR COMMAND. 


@ The LOW operating and 
maintenance costs of LUFKIN 
pumping units is universally 
recognized, yet there is always 
a LUFKIN SERVICE MAN 
standing guard to keep your 
unit in tip-top condition. 


@ Whether yours is the first or 
the last of over 50,000 LUFKIN 
units in the field today, parts 
are readily available for any 
unit bearing the LUFKIN name 
plate. 
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TYPE ‘‘F’’ 

A new safety joint 
for deep well work. 
Collar size O. D. 
Multi-layer friction 
ring prevents galling 
and seizure. Leaves 
box connection up 
when released. 


GUIBERSON 
SAFETY JOINTS 
are painted in different colors for 
identification and release direction. 


RED BLUE | GREEN 
Type A | 22,0007RH | 16,000RH LH 
Type B RH = LH 
Type F RH _ LH 


GET 
POSITIVE 
TUBING 
RELEASE 


UNDER ANY WELL CONDITIONS 
with GUIBERSON 


TUBING 
SAFETY 
JOINTS! 


TYPE ‘‘B’’ 
A safety joint, precision - built 
but low cost, for use in shallow 
wells. Collar size O? D. Multi- 
layer friction ring prevents gall- 
ing and seizure. Leaves pin con- 
nection up when released. 


TYPE ‘‘A’”’ 

A top quality, husky 
joint for deep wells. 
Available in two 
shear point strengths 
—2 pins for 16,000 
pound shear or 3 
pins for 22,000 
pound shear. Leaves 
box connection up 
when released. 


In shallow, medium or 
deep wells, Guiberson 
tubing safety joints are 
your best insurance 
against stuck tools, bad 
sanding and other well 
hazards. Guiberson’s 
complete line of tubing 
safety joints give your 
operator a reliable, positive 
point of release. Three 
types of Guiberson safety 
joints...each with right 
or left hand release ...each 
with positive “O” ring seal 
...in three price ranges— 
can keep you safe 

instead of sorry! 
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SANDFRAC 


DOWELL-developed fracturing treatment jumped flow from 36 to 360 Bopp 


A new well drilled into a sand formation produced 36 
barrels of oil per day, natural. To make the well a more 
profitable producer, the operator called Dowell. 


Dowell engineers used Sandfrac®, a Dowell-developed frac- 
turing service, to put 5,000 gallons of oil and 10,000 pounds 
of sand into the pay zone. As a result of this down-casing 
treatment, production rose sharply to 360 BopD . . . ten times 
the original rate per day. 

Most lease crude oils can be used in Sandfrac treatments. 


These materials can be modified on location with additive 
agents to control thickness and fluid loss. Where suitable 


lease crude is not available, Dowell provides special oils 
ideally suited to Sandfrac treatments. 


Sandfrac equipment—for mixing, sand proportioning and 
high-volume pumping—is designed by Dowell men with 
years of oil-field experience. You can depend on Dowell 
equipment, Dowell men and Dowell methods for well treat- 
ments engineered to get the best possible results. 


For more information or service, call any of the 165 Dowell 
offices in the United States and Canada; in Venezuela, 
contact United Oilwell Service. Or write to Dowell Incor- 


porated, Tulsa 1, Oklahoma, Dept. H-15. 


services for the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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This is the first of a series 
of editorials to be written 
on “What AIME Means to 
Me” by long-standing 
members of the Petroleum 
Branch, AIME. 


WHAT AIME 


W. H. GEIS 
MEMBER AIME 


I find it quite difficult adequately to express “what 
AIME means to me” although I could with ease, and 
with many suggestions from local members, express 
“what I think of AIME.” However, I find the subjects 
are not synonymous. 

Under the latter title all my restrained critical inhibi- 
tions could be released, and using the negative to a 
doubtful advantage, I might point out everything the 
Institute is not. However, a little reflection brings the 
sobering thought that much of what the AIME means 
to me may result not only from what it is but from what 
it is not. 

Certainly it is not an organization that can be taken 
lightly as having only a slight or passing impact on its 
members. The longer my membership endures, the more 
personal is the relationship until the Institute seems to 
acquire characteristics of an ethical professicnal and 
technical Alter Ego. 

Some authority attaches to my observation for I was 
first a Student Associate about 1914. When I reflect on 
what the AIME has meant, and still means to me, the 
tendency is to become philosophical which may be taken 
as a sign of asymptotic mental maturity. However, in the 
days of my student innocence AIME stood as a symbol. 
It marked professional integrity, for the dean and pro- 
fessors had cards announcing their membership to the 
world and these men were engineers. There appeared to 
be some doubt in my mind, and in theirs as well, that 
I could ever merit the same status. But when accepted 
as a Student Associate of AIME, I gained some assur- 
ance. Surely the Institute would not open its doors to 
one without possibilities. Moreover, I read, either by 
assignment or otherwise, many of the technical papers 
and thus came to know the authors, at least in the 
abstract. Now the situation has reversed, I know the 
authors but only read the abstracts. 

Again in my guileless student days | considered all 
professors as necessarily profound and erudite. My opin- 
ion of AIME was considerably advanced when I dis- 
covered that much of that profundity came from the 
Transactions. If there is such a thing as academic free- 
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MEANS to ME 


PETROLEUM CONSULTANT 
LOS ANGELES, CALIF. 


dom, it is well revealed in the said Transactions and 
nowhere therein can I find a Fifth Amendment hedge. 
AIME is not only an Institute of Mining, Metallurgical. 
and Petroleum Engineers but above all it is American. 
Little wonder then that I am proud of my membership. 
It means a very great deal to me. 


So there was a considerable impact from AIME, not 
all recorded here, in my early experience. But as engi- 
neering adolescence progressed, the Institute came to 
mean more to me but in quite a different way. As a prac- 
ticing, if not practical, engineer, problems were always 
arising which were quite new to me but not to AIME. 
Identical situations were described and solutions re- 
corded in the red-bound tomes. It is perhaps under- 
standably excusable if my solutions bordered on engi- 
neering plagiarism. After all AIME had become, and 
still is, a technical godfather, a silent advisor, a confi- 
dant — asking little in return for what it gives. My con- 
tribution has been largely financial, but I now realize 
that in the exchange I came out the richer by far. 

So as I consider “what AIME means to me” I begin 
to understand that with time some organizations become 
personified. Thus it is with your political party, your 
church, your fraternity and lodge, the university, the 
club, etc. Each has a definite personality, position and 
influence in your life. It will be difficult to visualize 
progress without these relationships. And so it is with 
the Institute. For a long time it has just been a part of 
my professional life. Too many, quite like myself, have 
become accustomed simply to accept AIME as some- 
thing apart. However, if in the inner conscience you 
ask yourself, as I hope you will, just “what does AIME 
mean to me” you will in honesty find it has played a far 
greater role in your development than you realize. 

Just one additional thought. I find myself fortunate in 
having a legion of constructive friends all over the 
world. My first contact with many of these came 
through some Institute activity. Hence, along with the 
technical-professional aspects of AIME, there are social- 
professional connotations. It all might be concluded by 
saying that what my profession and friends mean to me, 
so also does AIME mean. wiek 
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LOG INTERPRETATION PROBLEM in LOW RESISTIVITY SANDS 


HAROLD A, BLUM* 
MEMBER AIME 

JOHN L. MARTIN 
JUNIOR MEMBER AIME 


Abstract 

All recent investigations have attributed low electric 
log resistivities in producing formations to a conductive 
ion layer associated with clay material present in the 
sands. In this study another mechanism is proposed. It 
is believed that connate water saturation variations 
(which may or may not be associated with shale contact) 
also contribute to low resistivities. 

In addition to the mechanistic studies, evaluation of 
various recently proposed interpretation methods have 
been made. Of these, the Poupon, Loy, and Tixier’ and 
de Witte’ methods seem best. 


Statement of Problem 

Low resistivity sands are often encountered which 
turn out to be commercial hydrocarbon zones but appear 
from electric log data to be water bearing. Adequate 
methods of recognizing these cases are needed. Industry- 
wide interest in this problem is evidenced by the num- 
ber of papers published in recent years.'* 

It seemed that several zones in the Mustang Island 
field (Nueces County, Tex.) were affected by the shaly 
sand problem. This was evidenced by: (1) low hydrocar- 
bon saturation calculations from logs and measured for- 
mation factor data in producing zones, (2) changes in 
apparent measured formation factors with changes in 
water resistivity, and (3) core descriptions which indi- 
cated the presence of shaly “streaks” or “spots.” A sec- 
tion of a typical log is shown in Fig. 1. All sands on this 
log are hydrocarbon zones. 


Scope of Investigation 

The Mustang Island field, Nueces County, Tex.,” has 
been chosen for the study of the shaly sand problem be- 
cause the oil-water contacts are well established for most 
of the sands and some core data were available for 
study. 

This problem has been approached by both empirical 
and experimental methods. The empirical portion of this 
study is a comparison of calculated hydrocarbon satu- 
rations from logs by various methods with expected or 
known production (oil, gas, or water). 


‘References given at end of paper. 

Manuscript received in Petroleum Branch office on March 31, 
1955. 

*Harold A. Blum is now associate professor of petroleum engineer- 
ing at Texas Technological College. 


THE ATLANTIC REFINING CO 
DALLAS, TEX. 


The experimental phases of the investigation involve 
work with Mustang Island cores to estimate the effect of 
the conductive ion layer on hydrocarbon saturation cal- 
culations. Both de Witte’ and Patnode and Wyllie’ ap- 
proaches have been considered in this work. In addition, 
the possibility that connate water saturation variations 
within shaly sand bodies also cause low resistivities has 
been investigated. 


Experimental Studies 


Introduction 

Much of the published work on shaly sands has been 
concerned with the mechanism by which the presence 
of shaly materia. affects both resistivity curves and the 
SP. 
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Fig. 1 — Section of typical log in Mustang Island field, 
Nueces County, Tex. Sands A, B, C, D are all 
hydrocarbon zones. 
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It has been pointed out by the various authors*’ 
that the negative charges on the clay lattice are co- 
existent with a balancing concentration of positive ions 
in the solution adjacent to the clay surfaces. The impres- 
sion left by these investigators is that a knowledge of the 
relationship between the conductance of this clay-adja- 
cent solution portion of a shaly sand system to the total 
conductance will solve the shaly sand probiem. 


There is no question about the importance of this 
approach and its contribution to date, but there remains 
a serious doubt that this approach is the whole answer 
to the shaly sand problem. One possibility considered 
here is that connate water saturation variations exist in 
shaly sands and are partially responsible for the low re- 
sistivity log problem. 


Ionic Layer Effects on Connate Water 
Saturation Calculations in Sand B 

When it became evident that there was a low resis- 
tivity problem in Mustang Island field, a study was 
undertaken to determine the conductive layer effects. 

Plugs were cut from wire line cores, dried, and placed 
in an extractor where a carbon tetrachloride extraction 
was carried out. The plugs were then saturated with 
0.048 ohm-m (75° F) brine and placed in a resistivity 
cell where the resistivities were determined. The plugs 
were then flushed with 0.086 ohm-m brine until the 
resistivity of the effluent brine equaled 0.086 ohm-m. 
Plug resistivities were measured again. This process was 
repeated for 0.36 and 1.05 ohm-m brines. 


Generally 50 to 100 pore volumes were flushed 
through the core for each change of water resistivity. 

The effect of temperature on resistivity of the plugs 
was also measured in a few cases. 


The apparent formation factors (R.,/R,.)* decreased 
with increase in water resistivity as shown in Fig. 2. 
This, of course, is typical of the behavior of shaly sand 
core material.* The data are represented by the two 
limiting curves shown. 


In order to determine the effect of the clay material 
on saturation calculations, the data in Fig. 2 were ap- 
plied to equations suggested by Patnode and Wyllie’ 
and de Witte’ for this purpose. 

The Patnode and Wyllie equations (assuming the 
parallel resistor analogy) are: 

1/R, = 1/R., + 1/FRw (for a water saturated system), 
R., is the ionic layer resistivity R,, F,-R.; F = F, 


as Equation | 
| + : for c wh di t 100 

= sand is no 
ries i FR. or cases where sand is nc per 


cent water saturated Equation 2 


The term, n, is the saturation exponent in the Archie 
equation.” 


The de Witte* equations are based on the assumption 
that the conductivity of a clay-brine solution can be rep- 
resented in the same way as a mixture of electrolytes. 

For a water saturated system the equation is as fol- 

Xe 
—=— 
R, R. FR, 

X, is the volume fraction of the conductive system 
(clay-brine) which is brine, F is the same value as used 
in the Patnode and Wyllie method, ic. F,-F as 
R,-0, and R, is the ionic layer resistivity. 


Equation 3 


*A complete list of definitions of all terms is given at the end of the 
paper. 
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Fig. 2 — Apparent formation factor vs water resistivity 
Sand B, Mustang Island field, Nueces County, Tex. 


To calculate the connate water saturation (S,) for 
the sand which is not 100 per cent water saturated, de 
Witte’ derived the following equation: 


+R 
S F 
N 
Re | N + N + R.| R,, 
F F 
0 
R, N’ 
. . Equation 4 


where N = x 
— F 

Connate water saturation calculations were attempted 
for R., and R, values obtained from the upper and lower 
curves of Fig. 2. In one set of calculations no attempt 
was made to correct R,, or R, to formation temperature. 
Another set assumed the sodium chloride solution tem- 
perature corrections for resistivity applied. Experiments 
indicate that the correction is much less than would be 
expected for sodium chloride solutions but not enough 
quantitative data are available to apply accurate cor- 
rections. 

Table 1 summarizes the connate water saturation cal- 
culations made for the various conditions. In each case 
the condition was chosen to result in the greatest ionic 
layer effect. For the Patnode and Wyllie approach the 
lowest calculated R., was used. The lowest X, and R. 
were used in applying the de Witte method. 

Where no temperature corrections were made for K 
and R., the ionic layer effects are small. For the less 
reliable case where temperature corrections are assumed, 
the ionic layer effects are significant. 


TABLE 1 — CALCULATED WATER SATURATIONS UNDER VARYING 


CONDITIONS 
Sw 
No Temperature Temperature Correction” 
Correction To Formation Temperature 
For Res or Re For Res or Re 
Patnode and Wyllie” 
Upper Curve (Fig. 2) 0.56 (Res 6.7) 0.50 
Lower Curve (Fig. 2) 0.50 (Res 6.2) 0.44 
de Witte*® 
Upper Curve (Fig. 2) 0.60 0.45 
Lower Curve (Fig. 2) 0.55 0.40 
Archie (No lonic Loyer 
corrections) 
Upper Curve (F = 8.3) 0.61 
Lower Curve (F = 7.0) 0.56 


*Sodium chioride solution corrections 
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Fig. 3 — Air permeability vs connate water saturation 
for several sands in the Mustang Island field, 
Nueces County, Tex. 


Relationship Between Permeability and Connate Water 
Saturation and Its Importance to the Shaly Sand Problem 


In a study of the Frio Sand, a relationship between 
laboratory connate water saturations and air permea- 
bility has been observed. The correlation is shown in 
Fig. 3. 

This relationship could be important to the solution 
of the shaly sand problem because many core data 
reports from the Mustang Island field indicate cases 
where very marked permeability changes occur within 
a sand zone. 

Frequently it will be observed that vertical permea- 
bilities are much less than horizontal values. Further- 
more, descriptions of sands by geologists and engineers 
are replete with indications that the sands are “shaly.” 

In other words, the presence of these shaly sand 
heterogeneities indicate high connate water streaks or 
spots which could be as responsible for low resistivities 
as the conductive paths provided by the clay lattice or 
shale laminations. Assuming negligible conductive shale 
effects, the presence of high connate water sections 
within a sand can be represented by the following 
equation: 


R,. + 


where R, apparent (R,,) is the average true resistivity 
for the section (not necessarily th: apparent log re- 
sistivity), Ry, is the true resistivity of a relatively 


homogeneous section within the zone of interest, and 
W,,, represents the volume fraction of the homogeneous 
portion of the system represented by R,, where 


Row 
= (Archie equation) Equation 6 


m 


or +R 


i 


Equation 7 


If R, is a constant in this system (formation factors 
have been frequentiy noted to be relatively constant 
even though permeability variations were large), then 


Rr. 


EXAMPLE |: (Synthetic) 
Assume a system with the following makeup 


Si .10 WwW: 4 
Se .20 Ww: 
S; = .60 Ws Pr | 
Ss = .75 Ww; J 
The connate water saturation for the whole system is, 
Sw = 0.4 (0.1) + 0.3 (0.2) + 0.2 (0.6) + 0.1 (0.75) 0.295. 
Applying this Sw to the Archie equation where 
R =0.35 n= 1.8, Rr would be 
0.29518 3.2 ohm-m. 
Using the suggested equations would result in an Rra 2.2 ohm-m 
1 1 1624 
—— = -~—— (,0064 + .01 .059 
(.., 35 (.0064 0165 0800 0595) 35 
or Rra 2.2 ohm-m.) 
EXAMPLE 2: 
The following data were available for a Sand D oil zone 
Connate Formation 
Woter Factor 
(md) (Fig. 3) (d) 61.8 
870 16.5 34.6 6.9 
32 51.8 25.5 12.0 
68 22.6 15.0 
224 31 27.5 10.9 
70 24.1 13.1 
21 56 25.6 12.0 
204 32 30.4 9.0 
78.9 
Fay 11.3 
Rr 1.4 ohm-m (ive) Ro 11.3 X .05 0.56 ohm-m. 
Assuming equal weight or W: We Ws .. . Wr: the average connate 


water saturation is 46 per cent compared with a log calculated value of 60 
per cent. 

It can be readily seen from Example | thot a lower Rr would be expected 
from the log than the uncorrected Archie equation would predict. Example 2 
shows comparison of actual with calculated Sw. The major difference be- 
tween this approach and the laminar shale mechanism proposed by Doll** is 
that the cause of low resistivity proposed here is due to connate water sot- 
uration variations in shaly sand rather than to the conductivity of shale 
streaks alone. 


Evaluation of Recently Proposed Interpretation 
Methods 


From 1953 to this writing five methods for log in- 
terpretation in shaly sands have been proposed***’”. 
The evaluation carried out in this investigation con- 
sisted simply of calculating the hydrocarbon saturation 
with each method and comparing the results with known 
or expected production (oil, gas, or water). The hydro- 
carbon saturations obtained from the Archie equation” 
are also included in this study. 

The validity of the various proposed mechanisms 
and derivations which led to the statement of the 
various methods were not considered in this investiga- 
tion. A summary describing how to use each method 
is found in the Appendix. 

The above methods were used to calculate hydro- 
carbon saturations for Sands A, B, C, and D in six 
wells of the field where necessary data were available. 

Results which are summarized in Table 2 indicate 
that where hydrocarbon zones are known to exist the 
de Witte (Equation 29 of Reference 9) and Poupon 
et al’ methods seem best. 

The basis for comparison is the discrimination of 
each method between hydrocarbon and water zones. 
Table 3 compares the methods on this basis. 
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*Rw ot 155° F = 0.05 2m, Sxo 0.80 (assumed) for hydrocarbon zones. 


TABLE 2 —- SUMMARY OF DATA* FOR HYDROCARBON SATURATION CALCULATIONS IN MUSTANG ISLAND FIELD 


Hydrocarbon Saturation (Per Cent) 


Wyllie White*** 
et al.’ and Oil, Gas 
and de Witte” de Witte or 
Poupon Perkins Simplified Simplified Woter 
Archie™ et al.° et al” Eq. 29 Eq. 28° (O, G, W) 
23 30 35 60X 37 w 

0 0 9 4 

0 0 ° 21 w 
29 0 0 0 0 w 

>70 75 52 87 63 re) 

0 0 0 0 Ww 
37 20 15 32 17 Ww 
47 0 0 0 0 
83 >90 75 95 80 ° 
65 71 47X 79 59 ° 
55 55 32x 64 47x ° 
82 90 70 93 76 G 
52 50 26X 58 42x ° 
61 63 42X 75 55 G 
39x 35x 20X 53 39X G 
68 74 56 86 66 ° 
56 57 40X 73 53 ° 
60 64 45X 77 52 ° 
56 Ox Ox 6x 13x ° 
74 74 60 87 68 ° 
58 55 39x 71 52 ° 
53 38x 28x 58 42x 
62 52 23x 53 39x ° 


X Disagreement between known or expected production and calculated hydrocarson saturation (50 per cent critical saturation is criterion). 
** Only difference between White Equation and de Witte Equation 28 is the ex2onent of the Sxo/Sw term. de Witte uses 2 whereas White uses 2.15. de Witte 


ures this equation for relatively clean sands. 


TABLE 3 — DISCRIMINATION OF HYDROCARBON ZONES FROM WATER 
ZONES BY VARIOUS INTERPRETATION METHODS 


Wyllie de Witte 


Poupon t ol.4 Simplified White? 
(Sxo (Sve = Perkins (Sxo (Sxo de Witte’ 
Archie’’ 80) 100) etal.” 80) 100) Eq. 28 
1. Average Calculated 62 59 52 4) 70 64 53 
Hydrocarbon 
Saturations* for 
Hydrocarbon Zones 
2. Average Calculated 19 7 7 8 17 17 10 


Hydrocarbon 

Saturations*® for 

Water Zones 
3. Difference [(1)-(2)} 43 52 45 33 53 47 43 
* Table 2. 


TABLE 4 — EFFECT OF Sxo ON POUPON ET AL.” AND DE WITTE® METHODS 
FOR CALCULATING HYDROCARBON SATURATIONS* 


_ Poupon et al. de Witte 
Sxo Sxo Sxa 
Well Sand 80% 100% 80% 
2 A 75 71 87 84 
3 A >90 > 87 95 93 
B 71 64 79 74 
Cc 55 46X 64 56 
4 A 90 87 93 90 
B 50 40X 58 48X 
S 63 56 75 70 
D 35x 20x 53 
5 A 7A 70 86 83 
B 57 48X 73 67 
¢ 64 57 77 70 
D Ox Ox 6X ox 
6 A 74 70 87 84 
8 55 46X 71 64 
Cc 38X 27x 58 48x 
D 52 41x 53 44X 


* Only hydrocarbon zones are considered here. Sx. is the water saturation 
in the zone adjacent to the borehole (100-Residva!l Oj! Saturation). 


X Disagreement between known or expected production and calculated hydro- 
carbon saturation (50 per cent critical saturation is criterion). 

From an exploration standpoint where S,, (water 
saturation in zone adjacent to borehole) is unknown, 
the reasonableness of the interpretation depends on 
the value assumed. In this case 80 per cent seems to 
result in adequate predictions. Table 4 shows the effect 
of using S,, = 100 per cent for the previously men- 
tioned Poupon’ and de Witte cases’. 


Conclusions 


1. Consideration of ionic layer effects by the de Witte 
and Patnode and Wyllie methods resulted in significant 
differences in calculated water saturations only when 
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data were chosen to make these effects as large as 
possible. It is likely that ionic layer effects are not 
important in log interpretation of the formations studied. 


2. Of the proposed interpretation methods, the Pou- 
pon, et al.” and simplified de Witte’ methods differ- 
entiate hydrocarbon from water zones best, but prob- 
ably could be improved by consideration of connate 
water saturation variations. For exploratory wells, the 
success of these methods for distinguishing hydrocarbon 
from water sands may depend on the S,, assumed. 


3. The hypothesis that connate water saturation varia- 
tions are partially responsible for the low resistivity log 
interpretation problem has teen proposed and may 
apply in this field. 


Nomenclature 


(All resistivities in ohm-meters. ) 
R,, = Formation water resistivity 
R, = Resistivity of sand, 100 per cent saturated 
with water 


F = Formation Resistivity Factor ( F = “4 
F, = Apparent Formation Resistivity Factor F, — 
FasR,-~O 
R., = “Conductive Solid” resistivity according to 
Patnode and Wyllie” 
S.. = Water saturation (per cent or fraction of pore 
volume which is water) 
S, = Hydrocarbon saturation (1 — S,) 
True formation resistivity 
Saturation exponent in Archie equation" 
FR, 
Ry 
Conductive layer resistivity according to de 
Witte’ 
X,. = Volume fraction of conductive clay-brine sys- 
tem which is water 
Volume fraction of sand system having con- 
nate water saturation S, , 100 per cent 


water saturated resistivity R.,,,. and true 


a 


S* = 


i 


| 


Il 


‘Ng 
= = 
1 
4 
5 
6 
4 
13 


resistivity R, where W, + W, + W,... 
1 

_ Rey = Apparent or average true resistivity for sys- 
tem (not necessarily apparent log resis- 


tivity) 
k, = Air permeability (millidarcies) 
= Porosity 
R,,, = Resistivity of invaded zone immediately next 


to the borehole (obtained from Micro- 
laterolog’ or Microlog” data) 

SP = Self potential (millivolts) 

K = Constant in various shaly sand interpretation 
methods 


Rus = Resistivity of mud filtrate 
S,,. = Water saturation in invaded zone close to the 
borehole 
T = Temperature 
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Appendix 


Following is a description of the interpretation meth- 
ods checked. 
|. Wyllie and Southwick‘ 
Using the equation SP = K log R,,/R, (symbols 
defined below) and knowing SP, K, and R,, solve for 
R,, (see Fig. 8 of Wyllie’s and Southwick’s paper.') 


R, was obtained from the lateral curve of the electrical 
survey. The Archie equation” S = R,/R, was used 
to solve S, 1 — S = H. 

R,, is the resistivity of the invaded zone immediately 
next to the borehole. It was obtained from Micro- 
laterolog’ or Microlog”’ data. 

K is the constant (assumed to be 65). 

2. Poupon, Loy, and Tixier’ 

S, is obtained from Fig. 5 of Poupon, Loy, and Tixier’s 
paper.” To solve for S, it was necessary to know R,., 
Ry, Ruz, Ry» and SP, and assume K and §,.. 

Ryo is the mud filtrate resistivity and was obtained from 
page 16 of Schlumberger Well Surveying Corp. Docu- 
ment 5. 

R, was obtained from measured data in the field. 

K was assumed to be 70. 

S... assumed to be 80 per cent in hydrocarbon zones. 

3. Perkins, Brannon, and Winsauer' 

From the equation SP = 0.11 (460 + T) log R,.,/ 
R, it is necessary to obtain the formation temperature, 
T, to evaluate K. In the sands investigated, T was about 
155° F or K = 68. Using a K of 65, this method yields 
the same results as the Wyllie and Southwick method. 
4. White’ 

This approach is a modification of the Perkins, et al. 
and Wyllie, et al. equations and is expressed as follows: 
SP = 0.11 (460 + T) log = (=) } 

K will be 68 as mentioned above. 

Assume S,,, = 0.8 for hydrocarbon zones. 

Solution for S is presented in Fig. 4.’ 

5. de Witte’ 


S.. 
SP = K, | log si log G | 


K, = 0.2 T where 7 is the formation temperature (°K). 
In our case K, turns out to be 68. Assume S,, = 0.8 for 
hydrocarbon zones. This equation (29 of Reference 9) 
applies to dirty sands. 

De Witte also gives an equation (28 of Reference 9) 
which applies to relatively clean sands. 


SP = K | lo Rw 2 lo Sr 
This can also be expressed as SP = K log R | 5 ; 


With a K of 68 this equation is identical with the 
White Equation 7 given above except that the expo- 
nent in the White paper is 2.15 instead of 2. 

6. Archie Equation” 


R, 
= 
R, 
(Using —— instead of measured formation factor, F.) 


mf 
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FEATURE ARTICLE 


HIGH STRENGTH GRANULAR SEALING MATERIAL INCREASES 
EFFICIENCY of PRIMARY CEMENTING 
and SQUEEZE CEMENTING 


CHARLES A. EINARSEN 
MEMBER AIME 


Abstract 


The use of high strength granular materials in cement 
slurries has proved beneficial for cementing casing and 
squeeze cementing operations in Permian Basin oil and 
gas wells. The addition of 1 to 4 lb of ground walnut 
Shells to each sack of cement made possible successful 
high column cementing jobs in fields where high fill-ups 
normally cannot be obtained because of lost circulation. 
In squeeze cementing operations the number of cement- 
ing stages required for shutting off water was reduced 
by the addition of walnut shells to the last 50 per cent 
of the volume of cement slurry. 


Introduction 


The high hydrostatic head, created in the annulus 
when cementing casing, frequently is the cause of loss 
of slurry into weak formations or formations containing 
fractures or vugs. Common precautions taken to reduce 
this loss are reducing the density of the slurry, adding 
cifective sealing agents to the slurry, or both. 

One phase of this paper concerns the use of high 
strength granular sealing materials in cement slurry 
to seal openings into formations so that the slurry may 
be pumped to the desired level behind the casing. 

In squeeze cementing Operations neat cement often 
fails to effect a complete seal because of the tendency 
of the slurry to enter only the weakest zones. This is 
indicated by the number of stages frequently required 
to stop the flow of water or gas. The intrusion of 
cement slurry into each perforation in a water or gas 
producing zone is probably necessary to eliminate flow 
completely, and a high final squeeze pressure may be 
a means of assuring entry of cement into each perfora- 
tion or zone of weakness. 

The second phase of this paper concerns the use of 
high strength granular materials in cement slurries to 
obtain a high final squeeze pressure. 


Paper presented at AIME Annual Meeting in Chicago Feb. 13-17, 
1955. Original manuscript received in Petroleum Branch office on 
Jan. 14, 1955. Revised manuscript received on July 25, 1955. 
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Investigation 


To withstand the high differential pressure incurred 
during high column and squeeze cementing operations. 
a high strength sealing agent compatible with cement 
was sought. Such a material was found described in 
the literature." The results of fracture sealing tests 
which were presented (see Fig. 1) indicated that among 
a large number of materials tested, ground and graded 
walnut shells sealed the largest size fracture against the 
greatest differential pressure. This observation was sub- 
stantiated through data presented by W. F. Rogers.’ 

The compatibility of this sealing agent with cement 
was determined by strength tests on several Portland 
and slo-set cements. The results of these tests are pre- 
sented in Table 1. 

To determine the application of the high strength 
sealing agent’* to casing and squeeze cementing opera- 
tions, field tests were initiated in areas where casing 
and squeeze cementing operations were often difficult. 


TABLE 1 — 24 HOUR TENSILE STRENGTHS OF CEMENTS CONTAINING 
BLACK WALNUT SHELLS 


Concentration of Walnut Shells—Lb/Sack 


0 1 2 
Cured at 120°F. 
Portland CementA . . . . 256 psi 229 psi 200 ps 
Portiand CementB . . . . 236 207 159 
Portland CementC . . . . 194 147 136 
Slo-set Cement A . . . . 127 96 87 
Cured at 180°F. 
Slo-set Cement B . . . . 318 244 160 
Slo-set Cement C . . . . 220 167 118 
Concentration of Walnut Shelis—Lb/Bb! 
Temp. 
32 20 40 
Cement D 120 293 psi 221 psi 219 psi 206 ps 
160 457 329 283 355* 
180 378 365 
Cement E 120 447 266 217 
160 560 330 239 
180 450 346 
Cement F 160 361 208 167 


*72 hours 


‘References given at end of paper. 
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Fig. 1 — Sealing ability of additives.’ 


Results and Discussion 
High Column Cementing 


Cement slurry containing walnut shells was used to 
set pipe in approximately 80 wells in fields where lost 
circulation normally occurred. In each of these 80 wells 
the fill was increased by 700 ft to 2,200 ft above the 
fill achieved in adjacent wells using neat or gel cement 
alone or with flaked additives and expanded mineral. 

Three different grinds of walnut shells were used in 
these tests: 


50 per cent —4+ 10 mesh 
25 per cent —10+40 mesh 
25 per cent — 40+ 100 mesh 


Coarse grind: 


Medium grind: 50 per cent —10 +16 mesh 
50 per cent —16 +100 mesh 
Fine grind: 30 + 100 mesh 


From 1 to 4 Ib of shell were mixed with cement 
either at the hopper or at the bulk cement plant. The 
shells were pumped in either neat cement or 2 to 14 
per cent gel cement. Fourteen per cent water by weight 
of shell was required to compensate for the water used 
in wetting the surface of the shells. There were no in- 
dications of changes in the flow properties of the cement 
slurries by the presence of the shells. 

In Table 2 are shown the properties of slurries of 
neat cement, 4 per cent gel cement, 4 per cent gel 
cement containing walnut shells, and 4 per cent gel 
cement containing expanded mineral. 

It may be seen in Table 2 that the addition of a 
small concentration of shell to a slurry may provide 
a means of obtaining a high fill-up when cementing 
pipe through lost circulation zones. 

Forming a high strength seal in openings into forma- 
tions is probably a requisite for high cement fills when 
cementing casing through lost circulation zones. It may 


CEMENT WITH WALNUT SHELLS 


NE@T CEMENT 


Fig. 2 — Plugging action of walnut shells to prevent loss 
of cement slurry while cementing casing. 


TABLE 2 — PROPERTIES OF CEMENT SLURRIES 


4% Gel Cmt. 4% Gel Cmt. 


w/l ib Walnut cu ft 
Neat 4%, Gel Shells/sack Expanded 
Cement Cement (coarse grade) Mineral /sack 


1. Water Cement Ratio 

(gal/sk) owe 5.50 7.70 7.72 12.00 
2. Specific Volume 

(cu ft/sk at 3,000 


psi) 1.22 1.535 1.550 2.20 
3. Slurry Weight Ib/gal 

At atmos. pressure 15.4 14.10 14.05 11.68 

At 3,000 psi 15.4 14.10 14.05 12.79 
4. Compressive Strength 

(psi)* 2,400 2,100 2,000 800 

5. Tensile Strength 

(psi)* 265 200 190 80 
6. Sealing 

Agent 0 0 3.63 33.2 


7. Maximum Size Frac- 
ture Sealed (inches) 


At 300 psi 01 01 19 10 
At 1,000 psi 01 01 19 .08 
At 3,000 psi 01 01 19 .03 
8. Strength of Seal 
(psi)** 0 0 3,000 + 300 
9. Additional Cement 0 0 4,100 + 450 
Fill-up due to addi- 
tive (ft)*** 


*Cured for 24 hours at 120°F. 
**Differential Pressure withstood by seal across 0.! in fracture 
***Calculated from lines 3, 7, and 8. 


be seen in Fig. 2 how walnut shells may seal fractures 
sO as to prevent loss of cement slurry and provide a 
higher cement fill-up. 

Table 3 depicts the results of high column casing 
cement operations performed in a West Texas Ellenbur- 
ger field. Similarly, Tables 4 and 5 depict the results of 
casing cement operations in a West Texas Clearfork 
field, and a West Texas Strawn field, respectively. In 
all cases it may be seen that higher fill-ups were ob- 
tained through the use of walnut shells. 


TABLE 3 — RESULTS OF HIGH COLUMN CEMENTING OPERATIONS ELLENBURGER FIELD — WEST TEXAS 


6% Gel-Sloset Cement 
Exponded Mineral 
Plastic Flakes 


Neat Cement 
Number Wells 9 
Casing Size in 
Casing Depth (Avg.) . 12,658 ft 
Top of Cement (Avg.) 8,361 ft 
Actual Fill (Avg.) P 4,296 ft 
*Theoretical Fill (Avg.) . 10,877 ft 
Per Cent Theoretical Fill (Avg.) 40.7 


*Based on gauge hole. 
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CEMENT AND ADDITIVES USED 


778 sk(Avg.) 
789 cu ft (Avg.) 

Va Ib/sk (Avg.) 
108 sk (Avg.) 


6% Gel-Sloset Cement 1,275 sk (Avg.) 
Walnut Shells (— 10+ 100 mesh) 2 Ib/sk 


Neat Cement 100 sk (Avg.) 


4 
in 
in 

12,511 ft 


5,670 ft 
6,841 ft 
11,628 ft 
59.5 


JOURNAL OF PETROLEUM TECHNOLOGY 


(Concentration | Largest Fracture Sealed 
INCHES 
ZONES OF POTENTIAL 
BREAKDOWN 
J 
4 
| 
| 


USING NEAT 
OR GEL CEMENT 


USING NEAT OR GEL CEMENT 
WITH WALNUT SHELLS 


Some zones of weakness 
may be left unsealed. 


All zones of weakness 
are penetrated and sealed. 


Fig. 3 — Function of walnut shells in cement slurry 
when squeeze cementing. 


Squeeze Cementing 


The technique developed for employing granular ma- 
terials in squeeze cementing operations consisted of 
adding a concentration of 4 to 8 lb of walnut shells 
per sack of cement to the last 50 per cent of the cement 
slurry squeezed into a gas or water producing zone. 
The purpose of the granular material was to provide a 
strong seal in the first section into which the neat 
cement entered so that cement could be forced into 
other sections (Fig. 3). In perforated sections the 
pattern was believed to be a series of breakdowns and 
seals through each perforation, one-by-one, until all 


perforations were sealed. 


In Fig. 4 are shown the pressures observed during 


a typical walnut 


shell-cement squeeze job. 


Ground and graded walnut shells (coarse or medium 
grind) were used as the granular sealing material in 
all tests. The technique was used on a total of 60 wells, 
with 54 being successful on the first stage. 

Following are the details of three typical tests. 


Number Wells 

Hole Size 

Casing Size ‘ 
Casing Depth (Avg. 


Top of Cement (Avg. ) 
Fill (Avg.) . 


Remarks: 


Number Wells 

Hole Size 

Casing Size 
Casing Depth (Avg. 2 
Top of Cement (Avg.) 
Fill (Avg.) 

Theoretical Fill (Avg. )* 
% Theoretical Fill (Avg.) 


*Based on Gauge Hole 
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SQUEEZE 


NNW 


Fig. 4 — Pressures observed during typical squeeze 
cementing operation with cement containing 
walnut shells. 


West Dollarhide Field 


A perforated interval from 6,914 to 6,940 ft pro- 
duced 339 bbl of salt water in 17 hours on a swab 
test following a 2,000 gal acid treatment. One hundred 
sacks of cement containing 12 Ib of granular materia! 
(walnut shell) per sack were squeezed into the perfora- 
tions below a drillable retainer set at 6,885 ft. A pressure 
of 3,750 psi was developed after 29 sacks of cement were 
displaced into the formation. The well was then per- 
forated from 6,734 to 6,846 ft and completed for 156 
BOPD and no water. In subsequent applications, the 
use of granular material was confined to the last 50 
per cent of the slurry so that more neat cement could 
be forced into the weakest section. 


Ellenburger Field, West Texas 
Details of this test appear in Table 6. 


West Texas Wildcat 


Details of this test appear in Table 7. The use of 
granular material in cement was successful in shutting 


TABLE 4 — RESULTS OF CASING CEMENTING OPERATIONS—WEST TEXAS CLEARFORK FIELD 


2 per cent Gel Cement and 
Pozzolan (50:50) 


4 
83/4 in 

7 in 
6,452 ft 


3,064 ft 
3,388 ft 


CEMENT AND ADDITIVES USED 


8% Gel Cement 370 sk (Avg.) 
8% Gel Cement + 1 Ib/sk 
walnut shells (— 10 + 100 mesh) 1,150 sk (Avg.) 
2% Gel Cement and 
1,912 sk (Avg.) Pozzolan (50:50) 200 sk (Avg.) 
7 
85, in 
7 in 
6,445 ft 
2,551 ft 
3,894 ft 


Lost circulation during displacement 


Recemented 2 wells with 725 sk cement each 


Full returns No recementing necessary 


TABLE 5 — RESULTS OF CASING CEMENTING OPERATIONS — WEST TEXAS STRAWN FIELD 


4%, Gel Cement 
Pozzolan (50:50) 
Expanded Mineral 


1 
7% in 
in 
6,582 ft 
4,510 ft 
2,072 ft 
5,080 ft 
40.7 


CEMENT AND ADDITIVES USED 


Pozzolan (50:50) 2\b/sk 
Walnut Shells* 

500 sk 2% Gel Cement + 
300 cu ft | 


| ~ 6% Gel Cement + 536 sk (Avg.) 


50 (Avg.) 
Pozzolan (50:50) 


*2 wells — coarse grind 
5 wells — medium grind 


| 
= 
| 
| 
=: 
2,756 ft 
53.1 
| 
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TABLE 6 — USE OF HIGH STRENGTH GRANULAR MATERIAL IN SQUEEZE CEMENTING ELLENBURGER FIELD, WEST TEXAS 


The production string wos cemented as follows: 


Top of Squeeze Pressures (psi) 

Sacks of Cement Cement Initial Final 
|. 400 sacks of 6% cel coment ; 8,835 ft 

400 cv ft expended mineral. 1/4 Ib 

flaked material per sock plus 100 

sacks neat cement 
2. Recemented with 175 sacks 6% gel 

3. Squeezed perforations at 8,750-5! ft 

w/100 sk Slo-set neat cement... 1,800 1,400 
4. Resqueezed Iw/100 sk Slo-set neat [0 

sk 4% gel cement w/4 I> walnut 

shells per cont (- 10 + 100) (medium) 

per sock... 2,509 4,100 


Remarks 


7 in CSA 12,565 ft and cemented. Tested with 2,200 psi. OK. Perforated 
8,750-51 w/4 shots. Established circulation with 900 psi 


Cemented below retoiner ot 8,720 ft. Drilled retainer and plug. Set 
packer at 8,690 ft. 


Unsuccessful. Washed perforations. WOC 8 hrs. 


Reversed ovt 1.5 bbi of cement. Drilled out packer. Tested perforations 
with 2,000 psi for 30 minutes. Held. Successful. 


TABLE 7 — USE OF HIGH STRENGTH GRANULAR MATERIA. IN SQUEEZE CEMENTING WILDCAT WELL, WEST TEXAS 


7 in casing wos set at 13,951 ft with 150 sacks of Sio-set cement. 


A drill stem test of the interval 14,187-14,325 ft yielded 2,700 ft water blanket, 270 ft 


woter cut mud, and 5,625 ft salty sulphur water. C ting operations that followed are listed below: 


Socks of Cement Max. Sq. Pressure 
1. 20 sack plug 


2 30 sack plug 


3. Squeezed w/150 sacks Slo-set Cement 


4. Resqueezed w/100 sacks Sio-set and 100 sacks Sio-set con- 
taining 4% gel w/4 ib walnut shells per socks . .. 5,800 psi 


5. Squeezed w/150 sk Slo-set and 100 sk of 4% oot cement 
containing 4 Ib walnut shells per sack . 5,800 psi 


6. Squeezed w/150 sk Slo-set and 100 sx Slo-set 4% - 
cement containing 4 Ib walnut shel's per sack . 5,900 psi 


off water in artificially fractured open-hole Ellenburger 
formation after two plug-backs and one squeeze job 
with neat cement had failed. 


Conclusions 


|. The results of 80 casing cementing field tests in- 
dicated that the addition of 1 to 4 lb of high strength 
granular material (graded walnut shells) to each sack 
of cement provides a means for conducting successful 
high column cementing operations in areas where high 
fill-ups normally cannot be obtained because of lost 
circulation. 


2. The results of 60 squeeze cementing field tests 
indicated that the number of cementing stages required 
to shut off the flow of undesirable fluids may be reduced 
by the addition of 4 to 8 lb of high strength granular 
material (walnut shells) to each sack of cement of 
the last 50 per cent of the volume of cement slurry. 


Set open hole bridge plug at 14,125 ft and spotted 20 sacks cement 
above plug. Found no cement above plug. Pushed bridge plug down to 
14,142 ft with 3,000 psi. 


Top of cement 13,997 ft. Drilled out to 14,000 ft. Acidized 13,950- 
14,000 ft w/1,500 gal mud acid. Breakdown pressure 5,300 psi. Acid- 
fraced w/3,000 gal w/2 Ib sand/gal. Inj. rate 2 BPM at 5,600 psi. 
Swabbed 100% water. Fluid level 1,000 ft from the surface. 


Set DM squeeze tool at 13,924 ft. Unable to get squeeze pressure. 
Cleared too!. WOC 4 hours. 


Reversed out 20 sacks. Drilled out retainer and cement plug to 13,965 
ft. Attempted to acidize below 13,912 ft but packer failed at 4,000 psi. 
Reron packer at 13,913 ft and acidized w/1!,500 gal reg. acid at 5,400 
psi. Reacidized w/3,000 gai acid. Tubing pressure 5,400-4,500 psi. 
Flowed 15 bbi of fluid per hour, 98% water. Killed well. Set retainer 
ot 13,947 ft. 

Reversed out 75 sk. Perf. 13,930-13,944 ft w/2 Jet shots/ft. Acidized 
below 13,899 ft w/3,000 gail acid. Tubing pressure 6,500-4,000 psi. 
Swabbed 113 BW in 11! hrs. Fluid level 1,500 ft from surface. 


Reversed out 48 sacks. 
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Pressure Readings Provide More Information 


| 
| =n Less Time = Than Other Methods 


66 HAT IS THE main 


advan- 


tage of double shut-in pressure 

| readings?” That’s a question often 
asked by those who have not yet tried 

this newest method of drill stem 


| testing. 


Actually there are four main ad- 


vantages of the double shut- 


sure method: 


in pres- 


1. Maximum formation pressure 


build-up in shortest time. 
2. Comparison of reservoi 
up pressures before and af 


r build- 
ter test. 


3. Two separate chances to obtain 


reservoir pressure. 


librium pressure prior to 


ue equi- 
produc- 


ing the formation provides a vir- 


gin pressure measureme 
more accurate data. 


Perfected by Johnston 


| 
| 
| 
| 4. The measuring of the tr 
| 
| this new technique requires 


nt and 


Testers, 
only a 


simple rearrangement of the test 


tool assembly. By placing 


a disc 


| valve above the main or hydraulic 
O valve, a specified volume of air is 


As the purpose of the air chamber 
is to relieve the mud _ pressure 
trapped below the packer, the secret 
of success of double shut-in testing 
is accurate use of this air chamber. 
Best results have been obtained 
when volume of the air chamber is 
about 10% of the volume of mud 
below the packer. 

In the past, it has been common to 
calculate the air chamber to the 
nearest 30-foot pipe length. This lack 
of accuracy has often caused a fail- 
ure to record the maximum initial 
shut-in pressure. 

To overcome this problem, and to 
do away with complicated mathe- 
matics, Johnston has developed an 
“air chamber alignment chart.” By 
simply drawing straight lines be- 
tween known figures, the amount of 
air chamber needed can be calcu- 
lated quickly and accurately. 


The chart below shows how simple 
it actually is to use this method. 

Complete information on double 
shut-in testing is available from 


onc 


an 


= valve 


Testing tool assembly for double 
shut-in pressure readings which per- 
mits a limited fluid withdrawal. By 
placing the disc valve above the main 
or hydraulic valve so that a specified 
volume of air is trapped between 
these two valves. 


Well not capable of producing fluid 
fast enough to fill up air chamber 
and cause pressure build-up. 


Mud did not expand enough to 
get pressure draw-down below the 
formation pressure. 


Mud expanded and pressure draw- 
down was below the formation pres- 
sure. Well was able to flow enough 
fluid to fill up air chamber and 
build-up shut-in pressure. 


trapped between these two valves. Johnston Testers, Houston, Texas. 
| This volume of air is called the “air Write today for complete descriptive 
chamber.” folder. 
‘ 
it | 25 ON (C) 
| | ! e* 3 5 
| | a r 
So! 9 z 
>. ! 
| 20 2s 307 ORNL PIPE) 
25 
150 40 
| 
4 AMOUNT HOLE BELOW 100 
0; ——+ — - — + | WHEN USING DC FOR ANCHOR a 
. USE HEAVY ANCHOR LINE = 
(ERROR WILL BE VERY SMALL) 600 
ear -— AMOUNT AIR CHAMBER (FEET) LD. OF PIPE TO BE USED IN 
os (10% OF VOLUME BELOW PKR) ‘AiR CHAMBER (INCHES) 
| FORMULA USED 007 
AMT AIR CHAMBER (FT.) = 
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first in drill stem testing 


HOUSTON, TEXAS 
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Get greater profits 


starting with your next fracture job 


Adomite is a revolutionary fluid-loss 
control additive for converting lease 
crudes to superior fracturing fluids. It has 
already been used successfully in over 
1,000 fracture jobs in different fields. 


Ask your service company 
to use Adomite on your 
next fracture job 


©1955, Continental Oil Company. 


*Trade-mark, Continental Oil Company 


HOW IT WORKS 


Adomite retards fluid loss into the formation. 
Thus, more fluid is retained to extend the 
fractures, allowing sand to penetrate more 
deeply to sustain increased production. 


NOTE: BOTH WELLS TREATED 
WITH SAME FLUID VOLUME 


HOW ADOMITE BENEFITS PRODUCERS 


@ Effectively seals the fracture face and practically 
prevents loss of fluid into the producing formation. 

@ Results in longer fractures and deeper penetration 
of sand for a given job. 

@ Cleans up rapidly. Does not contaminate the pro- 
duced oil or the formation. 

@ Greater sustained production with a given fluid 
volume at lower cost. 

@ Equally effective in oils which have or have not 
been treated with emulsion breakers. 

@ Easy to use. Adomite is a dry material in flake form. 
It is mixed directly into the crude or gelled crudes on 
the lease, using only standard mixing equipment. 


8. HIGH FLUID LOSS 
A. LOW FLUID Loss 
FRACTURING OIL JOB FRACTURING JOB 
(USING ADOMITE) 
& AY FILTRATE 
Sa> FILTRA 
rae 
TRA FILTRATE 
A. 250525 


Over 


o0 


Locations in the ; 
United States 
and Canada 


TO THE OIL INDUSTRY 


Service 


Anywhere 
Anytime 


New Tools « e 


New Methods 


Outstanding Results 


Simultaneous Gamma Ray 
Neutron Log 
Cuts Rig Time 


Only 3% hours were required to log 
4,742’ with McCullough’s simultane- 
ous logging equipment. Gamma Ray 
and Neutron Curves and a collar log 
were obtained on the one run, logging 
the interval from 7,500’ to 12,242’ in 
a Mississippi oil well. 54” O.D. 20 lb. 
casing had been set to bottom and 
hole was full of mud. 

McCullough’s simultaneous logging 
equipment is available in an increas- 
ing number of service areas. Ask your 
nearest McCullough Branch for de- 
tails. 


McCullough Radiation 

Well Log Picks Up Four Foot 
Pay Zone..... Glass Jets 
Perforate for 240 B/D 


A fine example of the accuracy of the 
McCullough Radiation Well Logger in 
locating, defining and interpreting the 
nature of a thin productive zone so that 
it could be perforated for maximum pro- 
duction, has just been reported from a 
Kansas oil field. 

This was a new well. 5%” O.D. 14 Ib. 
casing had been set to bottom. McCul- 
lough ran a Radiation Well Log obtain- 
ing Gamma Ray and Neutron curves and 
recording a simultaneous collar log. 

The log revealed a thin, four foot zone 
at 3856’ and indicated that it was pro- 
ductive. The interval was shot from log- 
ging curves and collar log measurements 
with McCullough’s 4” O.D. Super Cas- 
ing Glass Jets in Steel Strip Carrier, four 
holes per foot. Total logging and perfo- 
rating time was only three hours. 

After perforating, the well had a good 
show of oil. Zone was treated with acid 
and made 240 barrels per day on test, 
which was a very good well for the field. 

The McCullough Radiation Well Log- 
ger is the most accurate, reliable and 
efficient logging instrument available. It 
has greater stability, provides more de- 


M'Calloush TOOL C 


McCullough Log Finds Ten 
Feet of Pay Behind Casing 


Sixteen Standard Casing Glass Jets Shot 


in 10’ of Cased Off Pay Zone 


Increase Production from 5 B/D to 30 B/D 


Many times the McCullough Radiation Well Logger has been instrumental in turning 
a poor producer into a profitable operation. While this Oklahoma well was a smal! 
producer even at its best, the 500% increase in production gained through the use of 
McCullough Logging and Perforating Services meant the difference between loss and 


profit. 


The operator had set 4%” O.D. 9.5 lb. casing on top of the pay zone. The interval was 
treated but the resulting 5 barrels per day of production was considerably below the 


average for the field. 


McCullough was called to run their Radiation Well Logger. Gamma Ray and Neutron 


Interior of McCullough Radiation Well Logging 
Truck showing electronic instrumentation, con- 
trols, recorder, etc. At this panel down-hole in- 
formation is evaluated and recorded with extreme 


accuracy. 


tail and assures more accurate quantita- 
tive interpretation. 

Because of the extreme efficiency of 
the scintillation counter in detecting ra- 
diation and because of its very short 
length, it is possible to log beds as thin 
as 12” with clarity and accuracy. 

Whether the pay zone be thick or thin, 
the simultaneous recording of a collar 
log means placing the perforations ex- 
actly where they are wanted... fully 
covering the productive formation. 


OMPANY 


Cable Address: MACTOOL 


curves were obtained along with a sim- 
ultaneous collar log. It was found that 
10’ of pay zone lay behind the casing at 
approximately 1645’. 

Sixteen shots were fired in the 10’ in- 
terval by a McCullough Standard Casing 
Glass Jet Perforator with Steel Strip Car- 
rier, The well is now making 30 barrels 
per day—a good well for the field. Total 
time on the job for both logging and per- 
forating was one hour, twenty minutes. 

As a result of the success of this job 
the operator is now logging and perfo- 
rating all his wells in the area. 

It always pays to call McCullough 
You can be sure of exactly locating and 
defining potentially productive forma- 
tions. You can be sure of deep, uniform 
penetration of the pay zone by the 
“world’s hardest shooting perforators.” 


Technical Article 
Available 


Copies of a technical article titled 
“Application of Radioactive Isotopes in 
Water Flood Operations” are available 
on request. 

Write to McCullough Tool Company. 
5820 South Alameda Street, Los Angeles 
58, California. 


LOS ANGELES 
HOUSTON 


EDMONTON 
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SUFFICIENT BY-PASS AREA AIDS PERFORMANCE... 


makes Halliburton’s HYDRO-SPRING TEST 
Best In Drill Stem Testing! 


Starting from the moment tools are lowered in the hole, Halliburton’s 
By-Pass provides important aid for a more successful test. Tools and 
packer can be lowered quickly and easily, the test performed, and the string 
removed from the hole with a minimum of lost time and difficulty. 

The very nature of sealing a rubber packer in open hole requires that 
clearance between packer and well bore be kept to a minimum. If tight 
spots are encountered going in hole, there’s a possibility of having no clear- 
ance at all. Halliburton’s By-Pass allows fluid to pass through packer and 
saves much down time... damage to formation below the packer and to 
the wall of the hole is greatly reduced. 

One By-Pass is built-in Halliburton’s Hydro-Spring Tester and an addi- 
tional By-Pass is provided in Halliburton’s VR Safety Joint. The VR is 
usually run immediately above packer, which provides equalization and 
minimizes chances of plugging the fluid passage. It has proved especially 
helpful in unseating packer. 

Sufficient By-Pass area is one of many reasons why Halliburton’s Best 
for Your Drill Stem Test. Next time, make the job easier, better, more 
successful for you... phone your local or district office of the Halliburton 
Oil Well Cementing Company. 


le 


HALLIBURTON 


TESTING SERVICE 


250 SERVICE CENTERS—JUST MINUTES AWAY FROM ANY RIG 
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There’s a better, easter way 
to pump oil wells, too... 


Tackle an old problem in a new way and frequently you find 
it tremendously simplified. This is certainly the case with 
the Kobe Free Pump System of oil well pumping ...some 
producers have found it easier to Free Pump wells than to 
flow them. As can be imagined, major economies result. The 
Kobe system frequently costs $2,000 to $4,000 per well less 
to install and 50% less to operate. If you are interested in 
such savings, why not drop us a line? 


KOBE, INC. General offices: 3040 East Slauson Avenue 


Our pictorial magazine, Pump- 
ing Trends, shows how KOBE 


is being used to sim- 
plify pumping prob- 
lems everywhere. 
Write, we'll be happy 
to add your name to 
our mailing list. 


Huntington Park, California 
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PGAC Bullet and Jet Perforators 
are the world’s most powerful. 
Write today for details 


Your Well Os ‘Worth Drilling 
Jt 5 Worth 


PGAC-SS7 


ATLAS CORPORATION 


Office: 


35 PGAC OFFICES ALWAYS READY TO SERVE YOU .. . CALL THESE TELEPHONE NUMBERS FOR PROMPT SERVICE 
TEXAS: Houston, JA-9-4161 — Corpus Christi, TU-3-1324 — Dallas, RA-2943 — Longview, PL-9-4486 — Alice, 4-3424 — Abilene, 2-4172 — Wichita Falls, 2-715] 
Gainesville, HO-5-2501 — Odessa, 6-6428 — Beaumont, 2-4263 — Victoria, HI-5-1972 — Graham, 1728 — Pampa, 4-9932 — Colorado City, 790 
LOUISIANA: Shreveport, 3-1648 — Lake Charles, HE-9-4724 — Lafayette, 4-2396 — Houma, 2-277}. KANSAS: Great Bend, 4306 — Liberal, 4822 
OKLAHOMA: Oklahoma City, CE-2-5342 — Pauls Valley, 1577 — Seminole, 2938 — Healdton, 77 — Ardmore, 857 — Perry, 313. NEW MEXICO: Hobbs, 3-2015 
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IELD CASE HISTORY 


CANAL FIELD GAS INJECTION PROJECT 


C. J. PINGS, JR.* 
W. TEMPELAAR-LIETZ 


Abstract 


For the history of the performance of the Canal 
field gas injection project reference is made to two 
publications. 

In the present paper a critical examination has been 
made of the pressure measurements and of the pres- 
sure-volume-temperature data for the reservoir fluid. 

Material balance calculations were employed to deter- 
mine the oil in place, the size of the oil reservoir, the 
size of the aquifer, the amount of water inflow, and 
the migration of hydrocarbons within the reservoir. The 
effectiveness of the gas-injection program is discussed. 


Introduction 


The gas injection project in the Canal field, San 
Joaquin Valley, Calif., has now a history of 14 years. 
The performance was discussed in a paper presented 
by R. P. Mangold before the Pacific Coast District API 
meeting in Los Angeles, April 11, 1946. This paper 
was not published, but the pertinent data have been 
recapitulated by Muskat’. In July, 1952, the Bureau 
of Mines published their Report of Investigations No. 
4886° in which an excellent review of the history up 
to that time is presented, and the reader is referred to 
that publication. 

In the present paper a short resume of the history 
is shown in Figs. 1 through 4. In the last paragraph 
of the Bureau of Mines’ publication reference is made 
to the gas injection in Well E-11. The additional in- 
formation on this localized injection now available is 
presented in the next section. 

The remainder of the present paper will deal with 
the technical methods used in a detailed analysis of the 
various aspects of this project. 


Paper presented at Pacific Petroleum Chapter Fall Meeting in Los 
Angeles, Oct. 7-8, 1954. Original manuscript received in Petroleum 
Branch Office on Sept. 9, 1954, Revised manuscript received June 10, 
1955. 

1References given at end of paper. 

*C. J. Pings, Jr., has received his PhD degree and is now a mem- 
ber of the faculty of Stanford University. 
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A Localized Injection Experiment 


Wells A47-14, E-11, and E-14 are located on the 
southern flank of the field. In the 24 months preceding 
April, 1948, E-11 flowed 7,541 bbl of oil at an average 
rate of 12 B/D. In the same period, A47-14 and E-1i4 
pumped 7,510 bbl and 17,798 bbi, respectively, at 
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PROoUCTION STaTUS OF } 
way , 1954 | 


Fig. 1 — Structural contours and production status of 

the wells. The Area I-Area II boundary represents a sep- 

aration of the field into two sections for the purpose of 
studying internal hydrocarbon movement. 
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Fig. 2 — Longitudinal cross section. 
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Fig. 3 — Performance history. 


rates of 38.6 and 11.7 B/D with gas-oil ratios of 1,441 
and 1,582 cu ft/bbl. In this two-year period these 
three wells combined produced 32,849 bbl of oil. 

In April, 1949, E-11 was converted to an injection 
well and gas was injected at rates varying from 9,000 
to 45,000 Mcf per month, averaging 24,000 Mcf per 
month over the two-year period to March, 1951. During 
this 24-month interval, E-14 and A47-14 pumped 58,197 
bbl and 12,638 bbl, respectively, at rates of 82.2 and 
26.2 B/D. A47-14 produced at a gas-oil ratio of 2,275. 
Gas production data were not available for E-14. The 
combined oil production of the two wells for two years 
was 70,835 bbl, or approximately 216 per cent of the 
production of A47-14, E-14, and E-11 in the two 
years preceding the conversion of E-11 to an injection 
well. 

For the same four-year interval, a study was made 
of the production of three wells on the north flank. 
A32-14, A6l-14, and A81-14. These wells had pro- 
duction characteristics quite similar to the group on 
the south flank and were situated in structurally similar 
locations. From April, 1947, to April, 1949, these 
three wells combined produced 31,723 bbl at an aver- 
age rate of 43.4 B/D. From April, 1949, to April. 
1951, the average rate was 15.7 B/D for a total pro- 
duction of 11,469 bbl, a decline of 64 per cent over 
the 1947 to 1949 interval. These production data are 
compared in Fig. 4. 


Wells A32-i4, AGI-I4 & ABI-I4 
i947 1948 $49 950 1951 
INJECT GROUP 
2 5000 : 
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2 qi 
= 2000 444 5 
| 
f 
Z j 
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Fig. 4 — Production from E-11 injection group and 
three comparison wells. 


It appears that the injection in E-I1 has resulted 
in some additional recovery of oil. If it were assumed 
that the three wells, E-11, E-14, and A47-14, would 
have demonstrated the same decline as the wells on the 
north flank if injection had not been started in E-11, 
then the additional recovery during the two-year in- 
terval could be fixed at about 59,000 bbl or 180 per 
cent. More conservatively, if it were assumed that 
without injection these wells would have produced dur- 
ing 1949 to 1951 the same as they did in 1947 to 1949, 
then the additional recovery is about 38,000 bbl, or 
116 per cent. Gas-oil ratios appeared to have increased 
by about 50 per cent in this period. Even as late as 
the first four months of 1953, wells A47-14 and E-14 
produced at average rates of 16.9 and 42.1 B/D, still 
in excess of the preinjection rates. 


Volumetric and Phase Behavior of 
Reservoir Fluid 


PVT data were available for five samples. In gen- 
eral, the gas-oil ratio, the total composition, the relative 
volume of the gas phase, and the relative volume of 
the liquid phase had been determined for each sample. 
These data were broken down for each sample to 
establish the dependence on pressure of three quan- 
tities: (a) liquid phase volume, (b) gas phase volume. 
and (c) gas in solution. For each of these three inten- 
sive properties values were selected which were thought 
to be most representative of the five samples. The latter 
were in turn recombined to give a composite representa- 
tion of the volumetric and phase behavior of the res- 
ervoir hydrocarbon fluid. Conflicting data were resolved 
in an unbiased manner by fitting quadratic equations 
by the method of least squares. The uncertainties in- 
troduced by utilizing such equations were found to be 


TABLE 1 — GAS INJECTION DATA 


Date A4-14 E-9 E-11 E-13 

June 194) 

Aug. 1942 887,160 66,531 
May 1943 5,562 2,261,673 1,000,413 
Feb. 1945 612,266 6,225,603 3,552,045 
Feb. 1948 3,264,879 15,620,129 3,552,045 
Nov. 1948 3,553,952 17,713,248 3,578,842 
April 1949 3,587,507 18,813,842 45,096 4,113,768 
May 1949 3,590, 19,008,405 79,590 4,195,623 
Oct. 195) 3,590,290 25,127,566 729,167 6,652,996 
May 1953 3,590,290 28,903,703 1,141,738 8,051,583 
Moy 1954 3,590,290 31,214,426 1,531,569 8,659,305 


Field Total Remarks 
Start of pilot injection in E-9. 
953,69! Stort of full scale injection in E-9 and E-13 
3,267,648 Stort of injection in A4-14. 
10,389,914 Injection stopped in E-13. 
22,446,032 Includes 8,988 Mcf injected into A25-14. Suspended 
24,855,030 injection resumed in E-13. 
26,587,201 Start of injection in E-11. 
26,882,896 No gas entry into A4-14 after this date 
36,109,007 
41,696,302 
45,004,678 
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Fig. 5 — PVT data. 


small in comparison with the errors and inconsistencies 
of the experimental data. 
The following equations were used to describe the 
behavior of the reservoir fluid: * 
V,. = 1.0938 + 0.07974 xk 10° P + 0.02040 


= —0.05691 +0.3844 x 10 *P—0.007181 10 
r= 0.1014 -- 0.1324 10° P + 0.03476 
V, = 1.553 — 0.0267 X 10° P[P>P,] . . (4) 
V, = 1.463 bbl/bbl stock tank oil . . . . (5) 
r, = 0.750 Mcf/bbl stock tank oil . . . . (6) 
P,=2,810 psia. . . . (7) 


Fig. 5 shows a composite representation of the PVT 
data. The original gas-oil ratio was determined from the 
initial production of the early wells in the field. The 
bubble point pressure of 2,810 psia was found by solv- 
ing Equation 3 for the value of pressure correspond- 
ing to this original gas-oil ratio of 0.750 Mcf/bbl. One 
of the five original sets of data had been obtained for 
a sample recombined at this ratio; the experimentally 
reported value for bubble point pressure was also 2,810 
psia. 


Pressure Data 


Pressure surveys were, in general, made annually 
and usually involved measurements from about 20 wells. 
although the same wells were not always represented 
in each survey. Pressures at the mid-point of the pay 
have been employed rather than at datum plane since 
the former are required for the material balance calcu- 
lations. At any given date, the sample of pressures 
obtained showed ranges up to 800 psi, approximately 
40 per cent of the median pressures. Obtaining from 
such a set of dat: a single number which best repre- 
sents the entire reservoir presents a significant problem. 

Three types of uncertainties were recognized: (a) 
errors in the pressure measuring instruments, (b) errors 
due to incorrect weighting of the observed data, and 
(c) errors introduced by representing the entire res- 
ervoir by data obtained from a smal! number of finite 
sectors of the reservoir. 

It was estimated that random instrument errors would 
contribute uncertainties of about 0.25 per cent to an 
arithmetic average of 16 observations and that errors 
from weighting did not exceed 0.25 per cent. The aver- 


For significance of symbols see ““Nomenclature” at end of paper. 
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age of a finite number of readings is limited, in addi- 
tion, by the precision or reproducibility of the average 
In order to obtain some information regarding this 
precision, an investigation was made of the degree and 
nature of the dispersion of the experimental pressure 
data. For each year, the arithmetic average pressure 
and deviations from the mean for the entire reservoir 
were calculated. Deviation data for the pressure sur- 
veys covering a seven-year period were then tabulated 
in order of magnitude and the relative frequencies o! 
occurrence were calculated. Frequency data are plotted 
in Fig. 6 on arithmetic probability graph paper, which 
has one coordinate axis so adjusted that a plot of data 
conforming to a normal probability distribution wil! 
form a straight line. Pressure data from the Canal field 
show a definite indication of a normal distribution, 
thus facilitating prediction of the reproducibility of an 
average. One may say, with a probability of 95 in 100 
of being correct’, that the true mean of a set of i 
observations is included in the interval: 


vom 

This latter interval is one frequently adopted in experi- 
mental work as describing the precision of a set of meas- 
urements. The data in Fig. 7 have a standard deviation 
of 105 psi and the interval +2 * 105/\/19 = +48 psia 
is believed to represent the limit of reliability of re- 
ported averages. Similar calculations for Area | and I! 
pressure averages lead, respectively, to limits of +66 
psia and +98 psia. There ranges represent relative un- 
certainties of +2 per cent, +2.6 per cent, and +4 per 
cent. 

From the preceding discussion, it appears that the 
uncertainties in the average reservoir pressure are dom- 
inated by the limitations of attempting to represent the 
entire reservoir by observations on a small fraction of 
the sand body. Random instrument errors and weight- 
ing error appear to be of secondary importance for 
data as dispersed as that encountered at Canal. The 
following would appear to be reasonable estimates o! 
the total uncertainties in the pressure averages used in 
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Fig. 6 — Distribution of observed pressures about 
the mean. 


| 

ag 

| 
3 

\ 

1 
Sex 
ip 
Fr 

9 

} 

4 

he 

; 

i 

| 

i 


this work: reservoir, 2.5 per cent; Area I, 3.1 per cent; 
Area II, 4.5 per cent. 

In order to determine the water inflow from the 
aquifer surrounding the field, a complete history of 
the pressure at the original circumference of the field 
is mecessary. Average values for this quantity were 
obtained from contoured pressure maps by measuring 
the length of the periphery between isobars and weight- 
ing the estimated pressure prevailing in that interval in 
proportion to the measured arc length. The resulting 
data were plotted as a function of time and a smooth 
curve was drawn through the points. The smoothed data 
are believed reliable to + 60 psia, or approximately 3.0 
per cent. 


Reservoir Material Balance Calculations 


Although material balance equations for petroleum 
reservoirs have been variously expressed in the litera- 
ture*’, it will be expedient for the present work to 
present a form which will facilitate the direct appli- 
cation of the quantities selected to describe the PVT 
characteristics of the reservoir fluid. 

A volume balance leads to the following equation: 
(N —n + (Vi — Ver) + + + I — 8) Vi 


It will be assumed that no hydrocarbons migrated 
across the boundary of the field during any period con- 
sidered in subsequent calculations. With this quite rea- 
sonable restriction, it is possible to set g,, and n,, iden- 
tically equai to zero when applying the material bal- 
ance equation to the entire reservoir. Q may be esti- 
mated satisfactorily if it is assumed that the aquifer 
surrounding the field is cylindrical in shape and is suf- 
ficiently small that the water in the aquifer responds 
essentially instantaneously to any pressure disturbance 
at the original oil-water interface. Then, if A P, equals 
the cumulative pressure drop at the periphery of the 
field, the expansion of the water in the surrounding 
aquifer will equal Q and will be given by the following 
expression: 

AP» =~ BAP, (10) 
1). (11) 


Q is the cumulative volumetric inflow, f is porosity of 
the aquifer, c is the coefficient of compressibility of 
The two unknown constants N and B can be evaluated 
aquifer water, A is the depth of encroachment, R,, is 
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Fig. 7 — Graphical portrayal of the material balance 
equation. 


reservoir radius, R is the ratio of the aquifer radius 
to the field radius, and P,. is pressure at the periphery 
of the field. 

The material balance equation may now be put in 
the following form: 

eV. + Ww 


A Py, 


by simultaneous solution of any two equations obtained 
by independent evaluation of the PVT pressure-produc- 
tion terms in Equation 12. If these two groupings are 
plotted on graph paper, they should determine a straight 
line, and furthermore the slope of the line should be 
equal to B and the intercept should equal N. 

The production data of interest for the Canal field 
have been reported in Tables 2 and 3 for the total 
reservoir and for a breakdown into two arbitrary areas. 
Calculated values for the expansion of the original 
connate water in the oil reservoir have also been in- 
cluded. The material balance calculations were not 
carried beyond 1947 because of the lack of reliable 
pressure data after that date. 

The two production-pressure PVT functions in Equa- 
tion 12 have been evaluated for seven different time 
periods from Jan., 1941, through Jan., 1947. The cal- 


TABLE 2 — MATERIAL BALANCE CALCULATIONS 


Iv v vi vil vill IX x x! xi 
. Peripheral Oil Gas Gas Water Water Liquid Phase Gas Phase 
Mid-Point Peripheral Pressure Time Production Production Injection Production Expansion Volume Volume 
Pressure Pressure Drop A P) T n 9 ! q w L G 
Date psia psia psi months bbl Mef Mcf bbi bbi bbi/Mcf 
we 1-1-41 2562 2725 840 38 4,767,288 5,150,524 146,863 240,038 1.4309 1.1354 
1-1-42 2322 2562 1007 50 6,583,181 8,567,841 412,863 244,343 298,650 1.3881 1.2548 
1-1-43 2336 2305 1260 62 7,643,657 10,492,058 1,923,326 307,416 296,460 1.3905 1.2471 
. 1-1-44 2312 2280 1285 74 9,089,395 14,641,875 5,650,539 427,675 302,298 1.3864 1.2603 
1-1-45 2218 2204 1361 86 10,382,567 18,517,182 9,737,141 532,525 325,158 1.3703 1.3152 
1-1-46 2079 2128 1437 98 11,623,772 25,103,466 13,962,156 588,669 357,504 1.3472 1.4060 
1-1-47 2027 2020 1545 110 12,492,883 30,062,411 17,844,936 637,525 370,394 1.3388 1.4435 
XIV xv xvi xvil xvill xx Xx! 
Gas in 
Solution Q = BAP, 
r A Pp Water Inflow 
Date Mcf/bb! Mcf/bbI avi. Vi + Velro—r)—Veo Vi. + Valro—r) Vi + Valro—r)—Vio bb! 
1-1-4) .6717 .0783 6,821,512 1,948,337 8,940,479 .0568 157.40x10° 14.79x10° 4,788,000 
1-1-42 .5992 .1508 9,138,114 4,210,336 14,366,936 .1143 125.7 8.78 5,717,000 
1-1-43 .6033 .1467 10,628,505 3,957,314 15,574,626 1104 141.1 11.41 7,182,000 
1-1-44 .5962 .1538 12,601,537 3,572,239 17,229,007 1172 147.0 10.96 7,325,000 
1-1-45 .5690 .1810 14,227,232 2,872,360 18,212,326 1454 125.3 9.36 7,758,000 
1-1-46 .5298 .2202 15,659,546 4,983,036 22,896,859 1938 118.1 7.41 8,191,000 
1-1-47 .5155 .2345 16,725,472 5,777,394 25,332,271 2143 118.2 7.2) 8,807,00C 
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TABLE 3 — CALCULATION OF INTERNAL HYDROCARBON MIGRATION 


! ii iv v vi vil vill 
Oil Gas Gas 
Production Production Injection 
Pressure Vi Vu r (ro r) n g 
Date bbi/bbI bbI/Mcf Mcf/bbi Mcf/bb! bbi Mcf Mcf 
Area | N 38,200,000 bbi NV; 55,900,000 
1-41 2540 1.4269 1.1453 0.6649 .085 2,715,688 3,045,533 
1-42 2307 1.3855 1.2631 .5948 -155 3,730,749 4,861,315 412,863 
1-43. 2379 1.3981 1.2241 .6160 134 4,299,412 5,973,964 1,923,326 
1-44 2338 1.3909 1.2460 .6039 .146 5,037,344 8,718,337 5,650,539 
1-45 2255 1 3766 1.2930 .5796 -170 5,670,553 11,804,897 9,737,141 
1-46 2101 1.3508 1.3901 .5359 .214 6,309,395 15,293,328 13,962,156 
1-47 2018 1.3373 1.4502 .5131 -237 6,752,543 18,119,787 17,844,936 
Area N = 35,800,000 ~~ 52,400,000 
1-41 2587 1.4355 1.1243 0.6795 .070 2,051,600 2,104,971 0 
1-42 2338 1.3909 1.2460 .6039 .146 2,582,432 3,706,526 0 
1-43 2281 1.3810 1.2779 .5872 .143 3,344,245 4,518,094 0 
1-44 2276 1.3802 1.2808 .5857 .164 4,052,051 5,923,538 0 
1-45 2171 1.3624 1.3445 .55°6 194 4,712,014 6,712,285 0 
1-46 2059 1.3440 1.4202 .5242 .226 5,314,377 9,810,138 0 
1-47 2036 1.3402 1.4369 .5180 .232 5,740,340 11,942,624 0 


x xi xi XIV XV XVI 
Water Water Woeter Recovery Migration 
ProductionExpansion Inflow [Mficiency Vor 
q Q N n gin 

bbi N bb! g + nr} bb! 

60,270 123,891 0 071 35,560,000 2.0 3,000 ,00¢ 
128,371 154,142 0 098 34,500,000 3.6 3,600,000 
157,129 153,012 0 113 33,900,000 3.7 4,000,00 
210,327 156,025 0 132 33,200,000 5.6 2,700,00 
248,968 167,823 0 .148 32,500,000 7.7 1,200,00 
272,385 184,518 0 .165 31,900,000 10.3 1,400, 0¢ 
296,717 191,171 0 177 31,400,000 12.2 3,700,00 

86,593 116,147 4,788,000 057 33,700,000 1.8 2,800, 0¢ 
115,972 144,508 5,717,000 072 33,200,000 3.1 3,300 ,00¢ 
150,287 143,448 7,182,000 093 32,500,000 3.3 3,900,00 
217,348 146,273 7,325,000 113 31,700,000 2.4 1,400 ,00¢ 
283,557 157,334 7,758,000 132 31,100,000 29 1,600,00 
316,284 172,985 8,191,000 148 30,500,000 1.1 1,700 ,00¢ 
340,808 179,223 8,807,000 160 30,100,000 6 4,300,00 


culations are summarized in Table 2 and are plotted in 
Fig. 7. It is apparent that there is no unique line 
through these data. This, of course, does not imply 
that there are not unique values of N and B. The latter 
quantities certainly exist, but uncertainties in the avail- 
able data prevent precise evaluation and it is necessary 
to compromise on some reasonable estimate. This dis- 
persion of data might have been logically anticipated, 
since both variables involve pressure averages which 
were previously estimated to contain random uncer- 
tainties of several per cent. 

These conflicting data were resolved by a normal 
linear regression analysis based on the tacit assumptions 
that one of the variables in Fig. 7 is known precisely, 
that any deviations from the straight line can be as- 
signed to variations in the other variable, and that these 
variations are described by a normal probability dis- 
tribution. The assumption of a norma! distribution ap- 
pears plausible, since the dominating uncertainty in 
both variables is that introduced from the pressure aver- 
ages, which were found to be approximately normally 
distributed. The decision in assigning error is not quite 
as simple. Although van Everdingen, Timmerman, and 
McMahon‘, in an analysis of the Mercy field, assigned 
the error to the quantity 

ay, 
Vi + Ve(r, — — Vi, | 


it would appear that for the data encountered at Canal 
there is significantly more uncertainty in the quantity 


A Pp 
V, + Va (ro—r) — 


The same error is introduced into each by the denom- 
inator. The numerator of the first is dominated by un- 
certainties in average absolute reservoir pressure and 
the numerator of the latter by average peripheral pres- 
sure drop. For the data obtained in Canal field, it was 
conservatively estimated that uncertainties in average 
peripheral pressure drop were of the order of three 
times as large as errors in average absolute reservoir 
pressure. Using the equations of normal linear regres- 
sion analysis’, identical with those of the least squares 
procedure, solutions for N and B were obtained for 
both conditions of error assignment, yielding, respec- 
tively, values of 77,600,000 bbl and 73,400,000 bbl for 
N. The corresponding lines ave shown in Fig. 7. A 
weighted average value for N of 74 million bbl was 
accepted as the working answer for the original oil in 
place. The corresponding value for B was 5,700 bbl/psi. 
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Again, employing a statistical analysis, confidence 
regions were computed for N and B. The 95 per cent 
confidence limits are +17,900,000 bbl and +1,740 
bbl/psi, respectively. Probable errors (50 per cent con- 
fidence limits) are +5,100,000 bbl and +491 bbl/psi 
The confidence bands are of significant width, reflect- 
ing the appreciable uncertainties in pressure data. Also, 
it might be noted that if the pressure readings had been 
taken twice as frequently, the confidence regions for 
N and B would have been narrowed only by a factor 
of approximately 1.4. 

Using the value of 74 million bbl of stock tank oil 
for the original oil in place and the value of 1,463 bb! 
reservoir volume per barrel stock tank oil for origina! 
total volume, the pore volume of the reservoir is com- 
puted to be 108 million bbl. This compares with 
128 million bbl calculated on the basis of core analysis 
data. The discrepancy of 15 per cent is considered rea- 
sonable in view of the errors inherent in the two 
methods of computation. The 95 per cent confidence 
limits for the value of N obtained from material bal- 
ance calculations corresponds to a range of +26 million 
bbl of reservoir volume and hence bracket the value 
obtained from core data computations. 

Using the most probable value of B of 5,700 bbl/psi, 
a value of 1.75 was calculated for the ratio of the 
aquifer radius to that of the field by employing Equa- 
tion 11 in conjunction with the following constants 
obtained from structural and subsurface data: 


h = 230 ft 
0.22 
R? = 15,250,000 ft’ 
psia 


The value of the coefficient of compressibility used 
for the formation water is twice that of pure water and 
was arrived at by an approximation to the change in 
total volume of a natural gas-water system with pres- 
sure. The data of Dodson and Standing’ were used. 
Incidentally, it can be calculated that fcr an aquifer 
of this size and permeability, steady state in the aquifer 
is reached in less than 200 hours after any pressure 
disturbance at the periphery of the field, thus substan- 
tiating the validity of the assumption used for Equation 
10 that the aquifer was sufficiently small to give essen- 
tially an instantaneous response to any pressure dis- 
turbance at the periphery of the field. 

Equation 10 was employed to compute the water 
inflow from the aquifer. The value of 5,700 bbl/psi 
for B and the pressure data in Column IV of Table 2 
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Fig. 8 — Water influx and recovery efficiency. 


were used. The results are given in Column XXI and 
are plotted in Fig. 8. Approximately 8,800,000 bbl of 
water entered the reservoir by Jan., 1947. 


Internal Hydrocarbon Migration 


Knowledge of the underground hydrocarbon move- 
ment should be informative of the effectiveness of the 
gas injection program. For this study the field was 
divided into two sections referred to as “Area I” and 
“Area II,” representing the crestal position and the 
flanks of the field, respectively. The boundary is indi- 
cated in Fig. 1. 

The material balance equation may be written in the 
following form: 

Nw(Vi— Ver) +8uVa=N 


The quantity on the left of this expression represents 
the reservoir volume of the total cumulative hydro- 
carbon movement into a portion of the reservoir. The 
value of N obtained in the study of the entire reservoir 
was apportioned between the two sections in propor- 
tion to the sand volumes. Values of Q obtained above 
were also used. Two separate portrayals were obtained 
for the hydrocarbon movement across the Area I-Area 
Il boundary, one by applying Equation 13 to Area | 
and the second by applying it to Area II. The results 
are shown in Table 3, and the history of the move- 
ment is plotted in Fig. 9. The discrepancy between the 
two curves is believed to be primarily a reflection of 
errors in the pressure averages. 


These results indicate that approximately 4 million 
bbl of hydrocarbons (reservoir volume) moved up- 
structure from the discovery of the field until early 
1943. Within a year of the initiation of full-scale gas 
injection this trend was reversed and, between 1943 
and 1947, 8 million bbl of hydrocarbons moved down- 
structure. 

Although some 8 million reservoir bbl of hydrocar- 
bons were moved downstructure in the four years after 
the full-scale injection was started in the crestal wells, 
it will be recalled that extensive tests made on selected 
intervals of wells A44-14 and A25-14 indicated that 
the movement past these wells was primarily that of 
gas. Equally indicative are the relative recovery effi- 
ciencies of the two areas. The structure at Canal is 
relatively flat and no large degree of gravity segregation 
could be reasonably expected. However, that driving 
force which could be attributed to gravity would tend 
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Fig. 9 — Internal hydrocarbon migration. 


to move oil downstructure and to enhance the recovery 
from wells in this sector. Any additional recovery from 
the partial water drive should benefit the same area. 
If a gas injection program had not been initiated in the 
Canal field, it could be reasonably expected, therefore, 
that the recovery efficiency in the downstructure area 
would be at least equal to, and probably somewhat btet- 
ter than, that which would be obtained from the up- 
structure wells. However, production data, Table 3 
and Fig. 8, indicate that recoveries from downstructure 
wells expressed as a fraction of original oil in place 
have, in general, been appreciably less than that ob- 
served from the wells in the higher structural posi- 
tions. There was no appreciable increase in the relative 
efficiency subsequent to initiation of gas injection. There 
remains the possibility that although recovery efficien- 
cies downstructure have shown no significant improve- 
ment, oil may nevertheless have been moved into this 
area and could be recovered if additional wells were 
drilled at this date. 

The available facts are insufficient to support a defi- 
nite positive or negative statement regarding the nature 
of the hydrocarbon movement within the reservoir. 
However, as late as July, 1953, there was no evidence 
of the formation of a gas cap, and furthermore there 
have been tangible indications that at least a significant 
portion of the total migration was simply gas blow- 
through. Even if oil has been moved downstructure 
in appreciable quantities, the ultimate objective still 
has not been realized, since recovery has not been im- 
proved in this area by gas injection upstructure. 

The pressure decline curve has been plotted in Fig. 3. 
The rapid rate of pressure decline observed up to mid- 
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Fig. 10 — Reservoir volume of injected gas and 
withdrawn hydrocarbons. 
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1941 was, at least, temporarily arrested by the instiga- 
tion of gas injection. However, by late 1947 the pressure 
was again rapidly declining. A measure of the ade- 
quacy of the amount of gas injected can he obtained 
by comparing the reservoir volume of the injected gas 
with the reservoir volume of the cumulative hydro- 
carbon production. These quantities have been evaluated 
from the various production and PVT data and are 
plotted in Fig. 10. 


Summary and Conclusions 


1. It was found that PVT data from five samples 
collected under significantly diverse conditions could be 
resolved to give an apparently satisfactory portrayal of 
the volumetric and phase behavior of the reservoir 
fluid. 


2. The errors in pressure averages were found to 
be dominated by uncertainties introduced by attempt- 
ing to represent a large reservoir by measurements on 
only a very small portion. These uncertainties in turn 
impose the controlling limitations on material balance 
calculations. The distribution of pressure observations 
about the mean was found to be approximated by the 
normal probability distribution. 

3. From material balance calculations the most prob- 
able value for oil in place was found to be 74 million 
bbl of stock tank oil. This figure bears an uncertainty 
of + 20 per cent. Agreement with the value of 87 
million bbl of stock tank oil obtained from core data 
is regarded as fair. 


4. Computations substantiated early indications that 
water inflow would be of secondary importance in the 
exploitation of the field. The calculated radius of the 
aquifer is 1.75 that of the field. 


5. There is no evidence of gas cap formation result- 
ing from the gas injection. It appears that the gas in- 
jected in the crestal wells has not been effective in in- 
creasing recoveries in lower crestal positions. Some 
8 million bbl of hydrocarbons were moved downstruc- 
ture in the 4% years following the start of full-scale 
injection, but it appears that at least a significant por- 
tion of this migration was gas blowthrough. 

6. Capital expenditures and operating costs for pump- 
ing units have been reduced by the pressure mainte- 
nance provided by the injection gas. This fact, by itself, 
is considered strong recommendation for maintaining 
an active injection program. 

7. A definite enhancement of recovery was obtained 
in a small segment of the southern flank of the field by 
localized gas injection. 


Nomenclature 
Restrictions on equations are indicated in brackets 
following the equation. 


Symbols 
B = a constant, bbl/psi; defined by Equation 11. 
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© = coefficient of compressibility, vol/(vol) (psi). 
/ = porosity, a fraction. 
¢ = cumulative gas production, standard Mct. 
”,, = cumulative underground entry of gas, standard 
Mcf. 
h = depth, ft. 
7 = cumulative gas injection, standard Mct. 
n = cumulative oil production, bbl stock tank oil. 
",, = Cumulative underground entry of oil, bbl stock 
tank oil. 
N = original oil in place, bbl stock tank oil. 
P = pressure, psia. 
q = cumulative water withdrawals, bbl. 
Q = cumulative water inflow, bbl. 
r = gas in solution, standard Mcf/bbl stock tank 
oil. 
r, = original gas in solution, standard Mcf/bb! stock 
tank oil. 
R., = radius of field, ft. 
R = ratio of radius of aquifer to radius of field. 
V., = volume of gas phase, bbl/standard Mcf. 
V,. = volume of liquid phase, bbl/bbI stock tank oi!. 
V, = tctal volume, bbl/bbl stock tank oil. 
V. = original total volume, bbl/bbl stock tank oil. 
W = cumulative expansion of interstitial water, bbl. 
= standard deviation. 
o = Variance. 


Subscripts 

b refers to bubble point pressure. 
G _ refers to gas phase. 

L __ refers to liquid phase. 

p refers to peripheral pressure. 


Acknowledgments 


The authors thank the management of the Shell Oi! 
Co. for permission to use the data presented. This 
paper would have been impossible without the thorough 
and meticulous processing of data by the operating 
divisions and laboratories of the company. 


References 


1. Muskat, M.: Physical Principles of Oil Production. 

McGraw-Hill, New York (1949). 

Loomis, A. G., Fried, A. N., and Crowell, D. C.: 

“Recovery of Oil in California by Secondary Meth- 

ods, Part I, USBM RI 4886 (July, 1952) 47. 

3. Mood, A. M.: Introduction to the Theory of Statis- 
tics, McGraw-Hill, New York (1950). 

4. van Everdingen, A. F., Timmerman, E. H., and 

McMahon, E. H.: Trans. AIME (1953) 198, 51. 

Woods, R. W., and Muskat, M.: Trans. AIME 

(1945) 160, 124. 

6. Dodson, C. R., and Standing, M. B.: Drilling and 
Production Practice, API (1944) 173. 


= 

| 

4 

Ss 

; 

7 


Finding better solutions to the problems of reservoir evalu- 
ation and the refinement of these answers for economically 
feasible application is an endless process. Constant changes 
in drilling, completion, and production practices directly 
influence formation and fluid analysis procedures. 


For example, as more wells are completed in very tight 
zones, the time required to obtain permeability and poros- 
ity data and its degree of accuracy have become critically 
important. 


Aided by industry experiments, a Core Lab approach to 
these reluctant reservoirs is a new type centrifugal ex- 
tractor designed to rotate up to 6500 RPM, forcing hot 


RESEARCH AND DEVELOPMENT DEPARTMENT 


CORE LABORATORIES, INC. 


solvent to sweep out the residual oil and water content of 
small typical permeability plug samples. The net result — 
more oil extracted in one-half hour than has been heretofore 
possible in one week by other methods. Greater accuracy 
and better service at less cost to the client. 


Core Lab’s Research and Development Department accepts 
not only the new and urique problems of reservoir be- 
havior but also maintains a constant program of improving 
its own standardized techniques and procedures. Combined 
with a growing back-log of experience contributed by 
thirty-two permanent area laboratories, this progressive 
attitude means more reservoir revenue for the industry 
through better reservoir engineering. 
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TOOL COMPANY 


HOUSTON, TEXAS 


WORLD STANDARD 
OF THE INDUSTRY 


Our interests are the same 


e-- getting your well down in shortest possible time! 


Hucues research and the combined efforts of the Hucnes field organi- 
zation* have one purpose... giving you bits that will get your well down 
in the least possible time...and at the least possible cost. 

The Hucues man responsible for servicing your rig knows from 
actual field experience the bits that will give you the fastest penetration 
and most footage in the formations you are likely to encounter. And 


you can depend on him to have the right bits on your rig at the right time. 


*A field organization of over 400 serves the industry in the United States and Canada 
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Make your Drill Stem 
dollar go farther 


Records show that HUGHES “Flash-Weld” tool 


joints cost you less per foot of hole drilled. 


They are more economical because they last 


the life of your drill stem. When hardfaced 


they withstand the wear of abrasive forma- 


tions and may be safely rehardfaced in the field. 

Since 1938, more than 32,000,000 feet of drill 
pipe have been unitized with HUGHES “Flash- 
Weld” tool joints. When you specify HUGHES 


“Flash-Weld” you get the original integrally- 


welded tool joint...and the benefit of the 


industry’s greatest flash-welding experience. 


FLASH-WELD 


HUGHES 


TOOL COMPANY 


HOUSTON, TEXAS 
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with corrosion 


HERE are several sets of typical before and after 
coupon test figures in wells now getting Visco 
Anti-Corrosion Treatment. Estimate the tons of well 
equipment metal saved by Visco Treatment, and you 
get an idea of the dollars saved in labor and replacement 
costs... 


Well Maximum Weight Loss —Mils/year 
Before Visco With Visco 
11.00* 0.02 
2. 4.90 0.40 
3. 8.10* 0.86 
4. 7.50 0.08 
16.00* 1.30 


* These wells receiving “anti-corrosion” treatment. Replaced by Visco. 

1 mil= .001 inch. A corrosion rate of 216 mils per year means that the 

corrosive attack, if uniform, would have corroded away the entire 

surface of the metal to a depth of .216 inches in a year. However, the 

real danger of high corrosion rates, as the coupon shows, is the much 

per and faster penetration occurring at localized areas. 

These are not super-success figures. Chances are high 
that Visco can equal or better these results in your wells. 
Phone, Houston, MAdison 3-0433, collect, or write for 
positive Visco action today. 


VISCO PRODUCTS COMPANY 


Incorporated 


2600 Nottingham at Kirby © Houston 5, Texas 
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Hydril Tubing Joints give ample 
strength and clearance... perm: 
funring strings one inside che ocher 
or side-by-side in liners. 


100: Rugged 


Heavy upset 


r for elevators. 


use for lim- 


1s production, 


or more a 


MYDRIL TYPE At For standard 
API upset tubiog. Extra cicarance 
provided by absence of coupling 
plus streamlined joints. 
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REPORT and INTERPRETATION 


JOE B. ALFORD 


NEW HEADQUARTERS BUILDING FOR 
ENGINEERING SOCIETIES 

A problem that has required a great deal of attention 
from the officers of our Institute during the past two 
years, as well as those of the other Founder Societies, 
is the procurement of a new headquarters building for 
these societies. The four Founder Societies, so named 
because they were the first national engineering societies 
founded in this country, are the ASCE (1852), AIME 
(1871), ASME (1880), and the AIEE (1884). The 
AiCHE, which was founded in 1908 and which has 
worked with the other four societies on many projects 
since, has joined with the Founder Societies in the 
project of locating a new headquarters. 

The Founder Societies now headquarter in what is 
known as the Engineering Societies Building at 25-30 
West 39th Street in New York City. This building was 
endowed to the Societies by Andrew Carnegie in 1904, 
erected in 1905-1906, and has since served as their 
headquarters and that of the Engineers Club of New 
York. Mr. Carnegie’s gift was transmitted in a very 
interesting way, through the following “laconic but 
momentous” letter, in his own handwriting: 

Gentlemen of the Mechanical Engineers, Institute 
of Mining Engineers, Institute of Electrical Engi- 
neers, Engineers Club of New York: 

It will give me great pleasure to devote, say, one 
and a half million dollars for the erection of a suit- 
able Union home for you all in New York City. 
With best wishes. 

Very truly yours, 
(Signed) Andrew Carnegie 
From the Carnegie gift, $1,050,000 was expended for 
the construction of the Engineering Societies Building, 
with AIME, ASME, and AIEE each becoming a third 
owner of the building. In 1917, the ASCE, which had 
previously established offices elsewhere, joined with 
the other societies, in contributing $262,500 to the 
property fund, and three floors were added to the build- 
ing. In the years since, the four societies have formed 
a subsidiary corporation known as the United Engi- 
neering Trustees (UET), which is now formal owner 
of the headquarters building. 


Need for New Building 


Mr. Carnegie’s gift has indeed served these four 
societies and the engineering profession well. To make 
a long story short, however, after 50 years of service 
the building has become obsolete and too small. In 
1920 the combined membership of the Founder So- 
cieties and AiCHE was some 45,000, and it is now 
about 160,000. Headquarters employees of the five 
groups now number some 350. Remodeling and mod- 
ernizing of the present building seems an unwise ex- 
penditure, for an estimated $1,340,000 would be re- 
quired, and the building would still be inadequate for 
the societies on a long-range basis. 

For the past few years, the Real Estate Committee 
of the UET has given some preliminary study to the 
problem of finding a new site and erecting a new build- 
ing. In 1953 and 1954 other cities began to be interested 
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PETROLEUM BRANCH, AIME Ht 


in the possibility of having the societies move to their 
environs, and various offers of land and money were 
received from Chicago, Philadelphia, Pittsburgh, and 
Washington, D. C. No substantial offer was received 

In May, 1954, a Task Committee of the UET Real 
Estate Committee was formed to study and crystallize 
the whole problem. This Task Committee, which con- 
sisted of several members of the UET and staffs of 
the various societies, conducted an excellent study of 
the matter and submitted a comprehensive report in 
Nov., 1954. The committee considered the following 
factors as the principal ones influencing the location of 
the headquarters: availability of manpower for staff 
and working committee requirements, availability of 
travel, banking, postal, and printing facilities, and ready 
sources for supplies and general services. The committee 
concluded that these requirements could be met in any 
of the cities making offers, along with New York City, 
where one or two possible sites were available for 
purchase. 


Committee of Five Presidents 

In late 1954, a committee was formed of the presi- 
dents of the five societies concerned, known as the 
Committee of Five Presidents, which was given the 
assignment of bringing the matter to conclusion and 
recommendation. This committee met in Jan., 1955, and 
concluded that the factors enumerated above were about 
equal in all the cities under study, and the problem 
then became one of financing. The offers from Chi- 
cago and Philadelphia were very attractive, but the 
question boiled down to the fact that the most favor- 
able offer came from Pittsburgh with a gift of land 
and a cash gift of $1,300,000. 

Present available assets of the societies from the 
sale of the present building, a depreciation fund, and 
a contribution from AiCHE, amount to some $2,500,- 
000. This, combined with the Pittsburgh offer, would 
permit the erection of a proper building and leave the 
societies with only $200,000 to be financed, as com- 
pared to a remainder of $3,000,000 left to be financed 
under the sites available in New York City. The Com- 
mittee of Five Presidents, with the president of the 
ASCE declining, voted to recommend to the societies 
that the headquarters be moved to Pittsburgh. This 
recommendation was then made to the Boards of 
Directors of the various groups, with the exception 
of ASCE, in the early part of 1955. AIME President 
Leo F. Reinartz reported to our Board at the Annual 
Meeting in Chicago, and the Board paneer. a defi- 
nite decision until its next meeting. 


This action definitely brought the matter to a head. 
Immediately Philadelphia stated that it would meet the 
offer made by any other city. Various persons and 
groups interested in keeping the headquarters in New 
York became active, and indications began to develop 
that the picture might be decidedly changed in favor 
of New York. The Committee of Five Presidents took 
the position that it could not consider offers made sub- 
sequent to its decision, because it had established « 

(Continued on Page 38) 


++ 4 
i 
| 
3 
eae 
x 
| 
47 | 


deadline on which all offers were to have been sub- 
mitted. In AIME circles at least, there was wide agree- 
ment with this position and expressions that the Com- 
mittee had done an excellent-job and taken the only 
position it could take. 


AIME Consideration of Problem 


The AIME Board came to grips with the problem 
in a meeting on April 13, and devoted almost two 
hours of discussion to it. Several members of the Board 
were in, favor of moving to Pittsburgh, but others were 
equally strong in favor of staying in New York. It was 
apparent that there was a wide division of opinion in 
the Board, and action was postponed until the next 
meeting, scheduled for June 15. 

During the next two months some significant develop- 
ments occurred. The AIEE Board had voted to move 
to Pittsburgh, but the ASCE Board had voted that 
another study be conducted of the whole question, 
and that an outside consulting firm be employed for 
this purpose. The most significant step came with a 
letter dated June 8, 1955, addressed to the five societies 
and UET. This letter was signed by 21 prominent in- 
dividuals, 13 of whom are head of some of the coun- 
try’s largest corporations (General Motors, General 
Electric, du Pont, Chrysler, I. T. & T.), and eight of 
whom are heads of educational institutions. This letter 
was developed largely through the efforts of Mervin J. 
Kelly, president of Bell Telephone Laboratories, Inc.. 
and it has become known since as the “Kelly letter.” 
Significant statements from it are as follows: 

“We ...as members of academic and industrial 
organizations that are concerned with the welfare 
of your Societies, . . . are agreed that the funda- 
mental desirability of approaching this matter on 
a national rather than a local basis transcends our 
personal preferences. 

Most industries of the country benefit directly 
from the technologies included in your organiza- 
tions. We are sure they will contribute generously 
to your building funds if your location is chosen 
on the broad gauged basis suggested (service of 
the Societies to professions and nation). If such 
a choice is made, a group of the undersigned will 
organize a large national committee, . . . to con- 
duct a nationwide drive for funds. 

“We... suggest that .. . an independent man- 
agement or consulting firm be employed to co- 
ordinate . these studies, . and when the 
integrated studies are available, that you make 
your selection on the basis we have suggested. .. . 
Some of us who are signing this letter will pro- 
vide the funds to cover the cost (of the proposed 
study). 

While we are not now in a position to guar- 
antee the amount of the subscriptions for your 
building fund, we are confident that the amount 
required beyond your resources can be raised 
through a campaign of the scope we have in- 
dicated. We assure you that a well organized, 
diligent and competent effort will be made and 
continued until the required sum is available, which 
we understand is approximately $2.5 million.” 


Current Developments 


The AIME Board again gave extended consideration 
to the problem on June 15, and particularly to the pro- 
posal made in the Kelly letter. A key point in the dis- 
cussion was that the proposal offered would place sup- 


port for the Engineering Center more on a national 
basis, and this would benefit the entire engineering pro- 
fession. Again, after almost two hours of discussion, 
the Board voted by a substantial majority for the AIME 
to favor the proposal made in the Kelly letter. 

The ASME Board took a similar position on June 
20, and these two, coupled with the ASCE proposal for 
a re-examination of the whole question, Jed the United 
Engineering Trustees to vote on June 23, 1955: 

That a Joint Task Committee of 20 members 
be organized from the five Societies . . . to be 
charged with the duty of recommending a location 
for the Engineering Societies Center . . . based 
upon available data and necessary additional studies 
. . . to report not later than Jan. 1, 1956. The 
UET to assume costs for Task Committee ... but 
the Task Committee is empowered at its discretion 
to take advantage of the offer as indicated in the 
Kelly letter.” 

Thus, the whole question has been brought to a defi- 
nite point of progress. Although there is a time element 
involved, the question is not one that has to be decided 
“by midnight of any given day.” If the engineering 
profession will benefit from more extended consideration 
of the question, and it appears now that it might, then 
we believe that consideration is justified. 


Petroleum Branch Interest 


This whole question has been discussed quite at 
length at many and various times by Petroleum Branch 
members. Our Section Delegates to the Annual Meeting, 
the Branch Executive Committee, Petroleum members 
of the AIME Board, and numerous individual members 
have given much thought and consideration to the prob- 
lem. As might be expected, opinion is somewhat divided. 
Some feel the headquarters of the Institute would be 
better located outside of New York City on the as- 
sumption that operating costs would be lower; others 
feel that it should be kept in New York because of 
the many advantages that city has to offer. We believe 
the most widely held opinion among Petroleum Branch 
members is that the headquarters should be located 
where it can best and most economically serve the 
various societies and the engineering profession. There 
has been no organized action, either within the Branch 
or the Institute, to force a decision for any particular 
location. When the final vote is taken, it will be up 
to each member of the AIME Board to cast his per- 
sonal vote on the basis of the many considerations in- 
volved as he sees them. 

There has been some discussion to the effect that 
the new Engineering Center should be expanded to take 
in all interested engineering societies, rather than the 
five involved so far. This would seem to have some 
desirable aspects; and if funds for the center are raised 
on a national scale, steps in this direction will probably 
be taken. We do not anticipate that the Petroleum 
Branch headquarters will be moved from its present 
location in Dallas. 

Although the new Task Committee is to report by 
next Jan. 1, it seems safe to predict that the basic ques- 
tion of where to locate the Engineering Center will not 
be decided for perhaps a year, and it will then be 
some time before it is erected and in operation. We 
believe this is proper, however, for if the time taken 
for this step finally serves to weld the engineering pro- 
fession more closely together and to raise its stature, 
it will be time well spent indeed. wk 
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PERSONALS 


* 


STANLEY G. BENDORF has opened 
an Office in the Fidelity Union Life 
Building, Dallas, as an independent 
petroleum consultant. He is specializ- 
ing in analyses of data pertaining to 
search for and production of oil and 
gas and in making evaluations of 
existing petroleum properties. Ben- 
dorf recently resigned from the firm 
of DeGolyer and MacNaughton. His 
15 years’ experience in the industry 
also includes service with Cities Serv- 
ice Gas Co. and Phillips Petroleum 
Co. He is a geology and petroleum 
engineering graduate of Wisconsin 
Mining School and Missouri Schoo! 
of Mining and Metallurgy. 


W. P. ScHULTZ (left) and Nor- 
MAN J. CLARK have joined the En- 
gineering and Consulting Dept. of 
Core Laboratories, Inc., Dallas. 
Schultz, a chemical engineering grad- 
uate of Rice Institute, was with Hum- 
ble Oil and Refining Co. from 1947 
until accepting this position with 
Core. With Humble he studied proc- 
essing plant design and instructed en- 
gineers and supervisors in reservoir 
engineering. Clark was supervisory 
reservoir engineer for Humble, and 
he assumes the job of assistant man- 
ager of the Engineering and Consult- 
ing Dept. He is a graduate of South- 
west State Teachers College and the 
University of Oklahoma. His duties 
at Humble included reservoir engi- 
neering studies, training of reservoir 
engineers, and coordination between 
the company’s research and petro- 
leum engineering departments. 
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J. P. GaRTEN, former drilling en- 
gineer for the Long Beach (Calif.) 
Oil Development Co., has joined the 
petroleum department of the Chase 
Manhattan Bank, New York City. 
He was chairman of the Junior Pe- 
troleum Group in 1954 and member- 


competition 


ship chairman of the newly-formed 
Southern California Petroleum Sec- 
tion for 1955. 


Maurice E. HANSON has been 
transferred from Wichita to Houston 
to act as service supervisor for 
Dowell Incorporated. Since joining 
the company in 1945, he has worked 
steadily up to area manager in the 
Kansas district. In his new position 
Hanson will be responsible for the 
coordination and supervision of 
Dowell’s various oil field services in 
the Texas Gulf Coast district. He is 
a graduate of Kansas State College. 

(Continued on Page 47) 


makes it 
better! 


Competition puts the new look into products 
and new efficiency into services. And the 
customer benefits! Competition makes oil well 
cementing service better, too. On your next 
cementing job, call in the company that put 
competition in the business...and put the alert, 
new look in equipment and methods. 


Engineered answers to 
oil well cementing 


| BJ SERVICE, INC. 
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ATCH-ON CENTRALIZ 
_ with the NEW 


KAVE BOW. 


B and W KON-KAVE 
BOW combines a curved 
cross - section, highest 
quality spring steel, 
drop forging, and the 
proper heat treatment 
to relieve all stresses 
created in forming and 
welding B and W KON- 
KAVE BOWS. 


FIRST 
IN THE 
FIELD! 


@ Strongest — greatest 
resistance to side thrust. 


@ Most resistance to 
deformation .. . 


@ Easiest to install and run. 


Well Completion a 


Phone WA- 3. 6603 
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MEET the AUTHORS 


Rikt KosBayasHi is professor of 
chemical engineering at Rice Insti- 
tute, Houston. He holds a BS degree 
from Rice and a PhD degree from 
the University of Michigan in chemi- 
cal engineering. Formerly he was as- 
sociated with the Continental Oil 
Co. 


DonaLp L. Katz is professor of 
chemical engineering and chairman 
of the Dept. of Chemical and Metal- 
lurgical Engineering at the University 
of Michigan. He started the Produc- 
tion Research group at the Phillips 
Petroleum Co., 1933-1936, after re- 


ceiving his PhD from the University 
of Michigan. He has been an active 
author since returning to the Univer- 
sity in 1936. 


T. D. MUELLER is a research engi- 
neer in the Oil Field Research Div. 
of Cal Research where he is working 
in the field of applying high speed 
digital computers to the solution of 
problems of oil production. He holds 
a BS in chemical engineering from 
University of Michigan and MS in 
petroleum engineering from the Uni- 
versity of Southern California. 


J. EaRL WARREN is an associate 
research engineer in Oil Field Re- 
search Div. of California Research 
Corp. at La Habra, Calif. He is a 
graduate of the University of Cali- 
fornia and holds a BS degree in elec- 
trical engineering. 


W. J. WEsT is supervisor of the 
reservoir and well production anal- 
ysis section at California Research 
Corp. He holds a BS degree in phys- 
ics from MIT (1944) and a PhD 
degree from California Tech (1949). 
From 1944 until 1946 he was a staff 
member of the Radiation Laboratory. 
In 1948 he joined the Oil Field Re- 
search Div. of Cal Research. 


J. M. Epwarps is a geologist and 
radiation logging research engineer 
for McCullough Tool Co. The 1952 
graduate of the University of South- 
ern California formerly worked for 
Union Oil Co. of California. He is 
now studying for his MS degree in 
geology at the University of Southern 
California. 


(Continued on Page 46) 
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October 27-28. 1955 


FORMATION EVALUATION SYMPOSIUM 
TO BE HELD in HOUSTON 


A Formation Evaluation Symposium will be held on 
Oct. 27-28 at the University of Houston. Sponsors of 
the meeting are the Gulf Coast Section of AIME, and 
the University of Houston Student Chapter of AIME 
and Dept. of Petroleum Engineering. 

Fourteen papers are scheduled for presentation at the 
Symposium. Eight will be presented the first day and 
six the second. There will be an equipment display of 
formation evaluation equipment throughout the two-day 
symposium period. 


TENTATIVE PROGRAM 
(Both Papers and Speakers are Tentative) 


THURSDAY, OCT. 27 


Fundamental Problems in Formation Evaluation by Nor- 
man J. Clark, Core Laboratories, Inc. 

Subject Content: The development of the total problem of formation eval- 
vation. The significance and interdependence of the porameters obtained 
from each of the methods. Recommendations for an optimum program. Pre- 
diction of future areas of investigation. 

Fundamental Theory and Instrumentation of Electric 
Logging by I. L. Roberts, Schlumberger Well Surveying 
Corp. 

Subject Content: Discussion of electrode spacing, method of recording, and 
curve limitations of standard logs with demonstration of each point by 
illustration of actual log. Special logging devices. Prediction of future 
developments. 

Fundamentals of Quantitative Analysis cf Electric Log 
Interpretation by R. H. Winn, Halliburton Oil Well 
Cementing Co. 

Subject Content: A basic fundamental coverage. Al! limitations emphasized 
but the potential of quantitative analysis stressed. Specific, careful, and 
illustrated definitions of all terms used. The best source of information for 
each term introduced. Prediction of future development of quantitative logging 
application. 


Electric Logging in Shaly Sands by M. P. Tixier. 
Schlumberger Well Surveying Corp. 

Subject Content: General and specific treatment of shaly sands. 
Fundamental Theory and Instrumentation of Radioactiv- 
ity Logging by John E. Sherborne, Union Oil Co. of 
California 

Subject Content: Complete develop t of the theory and instrumentation of 
the gamma ray and all types of neutron radioactivity recordings. 


Mud Analysis Logging by R. W. Wilson, Baroid Sales 
Div. 


Subject Content: Complet lanati of all recordings, technique for 
obtaining readings, specific applications and limitations. Case histories where 
applicable of both ful and ful applications. Recommendations 


for an optimum program. 


Core Analysis by Ben Elmdahl, Core Laboratories, Inc. 
Subject Content: Precautions to be observed when taking a core. Analysis of 
fluid content and physical properties in regard to technique, significance of 
p ters, and limitations. Specific problems and application by areas. 


Drill Stem Techniques and Analysis by Marshall Black, 
Humble Oil and Refining Co. 


Subject Content: Fundamentals of testing. Specific mechanics of the tech- 
nique by oreas. Test results and chart analysis by crecs 


AUGUST, 1955 


FRIDAY, OCT. 28 


In papers to be presented on the second day of the 
meeting the Symposium Committee has asked the 
authors to include: (a) an overall evaluation coverage 
including methods other than logging; (b) where pos- 
sible, the evaluation technique responsible for the deci- 
sion to set pipe; (c) where applicable, the reliability of 
the physical parameters such as porosity, water satura- 
tion, etc., for use in reservoir analysis; (d) the drilling 
fluid program; (e) the coring program; (f) the testing 
program; (g) indication of other geological areas simi- 
lar to the one specifically covered by the paper; and 
(h) a recommended formation evaluation program for 
the area covered. 


Quantitative Interpretation of Electrical and Radioactiv- 
ity Logs in Felix Jackson #40 Well, Oyster Bayou Field. 
Chambers County, Texas by C. R. Glanville, Sun Oil Co 
Interpretation of Electrical Logs: La Gloria and Seelig- 
ven Fields, Brooks and Jim Wells Counties, Texas, by 
speaker to be selected. 


Evaluation of Logs Run in San Andres Formation, 
Adair Pool, Terry County, Texas by E. E. Finklea, 
Amerada Petroleum Co. 


Electrical Logging in the Quinduno Field by J. D. 
Owens, Phillips Petroleum Co. 


(Tentative) Subject Matter: A complete formation eval- 
uation study of the Wilcox Formaticn by S. M. Paine. 
Shell Oil Co. 


(Tentative) Subject Matter: An integrated summary of 
the highlights of the subject matter contained in each 
of the five papers listed above by C. V. Kirkpatrick. 
University of Houston. 


Papers will be given in the Ezekiel Cullen Auditorium. 
which has a seating capacity of 1,800. Presentation time 
will be 25 minutes for each paper, and 15 minutes wil! 
be allowed for discussion. The exhibit area will be in 
the parking lot immediately east of the auditorium. 

The organization committee for the Symposium is 
composed of: J. D. Clark, Union Oil Co. of California, 
general chairman; C. B. Scotty, The Texas Co.; J. W. 
Walker, Shell Oil Co.; Johnny Shearin, Core Labora- 
tories, Inc.; T. O. Allen, Humble Oi! & Refining Co.: 
and C. V. Kirkpatrick, University of Houston. 

Committee chairman are: C. V. Kirkpatrick, program: 
L. B. Lipson, University of Houston, arrangements: 
H. M. Krause, Humble, and Guy H. Johnston, consult- 
ing engineer, registration; R. R. Rieke, Schlumberger. 
publicity; George R. Gray, Baroid, publication; R. F. 
Bush, Lane Wells Co., exhibits; and T. O. Allen, Hum- 
ble, advisory. wick 
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AUTHORS 


(Continued from Page 40) 


A. L. Simpson holds BS and MS 
degrees from the University of South- 
ern California, having received his 
MS in February of 1955. In 1951-52 
he was a teaching assistant at USC 
and held a marine geology research 
fellowship with Allen Hancock Foun- 
dation. His present position is geolo- 
gist and radiation logging research 
engineer for McCullough Tool Co. 


for 


Abrasive 


ag JOHN J. Arps is vice-president in 

; charge of the Economics and Evalua- 

— tion Dept. of The British-American 

Oil Producing Co., Dallas. The native 
of the Netherlands was graduated 
from Technical University of Delft, 
Holland, in 1932. He worked in 
Eastern Europe, the Far East, and 
South America before joining British- 
American in 1940 as district engineer 
in their Gulf Coast Area. 


®@ The design principle of three concentric, tree- 
fitting tubes which use the well fluid to effect 
the plunger seal makes this special insert 
pump especially efficient in wells with exces- 
sive float sand, dirty fluid, or high bottom hole 
temperatures that would cause conventional 
pumps to stick. 

The plunger is free-falling, which allows a 
greater strokes-per-minute rate without being 
hard on the rods. To compensate for the loose 
plunger fit, part of the production fluid is 
directed into the annular space between the 
barrel tube and the outer traveling tube and 
used as the sealing medium. A special no-go 
ring on the standing valve cage prevents the 
pump from becoming sanded in when idle. 
H-F 3-Tube pumps are fitted to A.P.I. specifi- 
cations, including standard balls and seats. 
Either regular or on-and-off types are available 
in 2”x1%”" and 24%"x1%”" sizes and 12’ to 25’ 
lengths. 

For hard-to-pump wells — or as a good, 
all-around pump for average wells — you can 
depend upon this pump to make good produc- 
tion without frequent pulling jobs. Ask your Sn i 
supply store, or write to us for descriptive fe a 4 


bulletin. Harbison-Fischer Mfg. Co., P.O. Box ie” 


127, Fort Worth, Texas. 

T. G. Roperts has been a petro- 
leum engineer in British-American’s 
Economics and Evaluation Dept. 
for the past two years. The 1950 Uni- 
versity of Oklahoma graduate worked 
for British American in the summers 


ed PUMP ‘ of 1948 and 1949 and for a year 
following graduation, until he was 


i Harbison-Fischer Mfg. Co.* Fort Worth 4 called into the military service in 
| “Best Pumps in the Oil Patch” 


me 1951. 
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Kansas Section Pays Dues 
For Winner of Contest 


The Kansas Local Section has 
honored the University of Kansas 
student who won first place in the 
Undergraduate Div. at the AIME 
Mid-Continent Section Student Paper 
Contest. They have paid the first 
year AIME Junior Membership dues 
for Edward Arnold Freeburg. 


The Section recognized Freeburg’s 
achievement at a recent meeting by 
presenting him with a Special Stu- 
dent Achievement Award and a Jun- 
ior Membership pin. Freeburg’s pa- 
per, “A Neophyte Views Price Reg- 
ulations,” is now being considered 
in the All-AIME Student Paper Con- 
test. 


He was graduated cum laude in 
petroleum engineering from the Uni- 
versity of Kansas this spring. A na- 
tive of McPherson, Kan., he came 
to the University on the Summerfield 
Scholarship, the highest scholastic 
award available there. 


OFFICER NOMINEES for 
1956 DECLARED 
ELECTED 


The previously - announced nom- 
inees for 1956 Petroleum Branch of- 
ficers have been declared elected. No 
additional nominations were made to 
those presented by the Branch Nom- 
inating Committee by the deadline of 
Aug. 15; therefore, balloting by the 
membership was not necessary. 

T. C. Frick of The Atlantic Re- 
fining Co., Dallas, will be Petroleum 
Branch chairman. R. C. Earlougher, 
Tulsa petroleum consultant, and T. 
A. Atkinson, Douglas Oil Co., Para- 
mount, Calif., will be vice-chairmen. 
H. N. Lyle, Renwar Oil Co., San An- 
tonio, and Gordon H. Fisher, Plym- 
outh Oil Co., Sinton, Tex., will be- 
gin three-year terms on the Petro- 
leum Branch Executive Committee. 

The newly-elected officers are to 
be installed in Feb., 1956. Their bio- 
graphical sketches were published in 
the May, 1955, issue of JOURNAL OF 
PETROLEUM TECHNOLOGY, along 
with a request for additional nom- 
inations. 


College Grants Planned 
By Dowell Incorporated 


Dowell Incorporated has an- 
nounced the establishment of seven 
scholarships and two fellowships in 
the fields of engineering and chemis- 
try totaling $7,500 annually. The first 
awards will be available for the 1955 
school year. 

The scholarships, providing $500 
for a senior student in Petroleum or 
Geological Engineering, have been 
awarded for the 1955 academic year 
to Oklahoma A. & M., University of 
Oklahoma, Kansas State, University 
of Kansas, University of Texas, Lou- 
isiana State and Colorado School of 
Mines. Graduate fellowships in 
Chemistry for the same period were 
announced for Kansas State and Uni- 
versity of Texas. These provide 
$1,500, for the student and $500 to 
the University for equipment and 
supplies used by the fellowship stu- 
dent. Selection of the students for 
both the scholarships and fellowships 
will be made by the college deans 
and the professors in charge of the 
departments from which the students 
are chosen. 


Lab Work That Customers Never See 
Is The Most Important Service We Have 


Even though most of our customers 
never see our lab at Breckenridge, 
its facilities and technicians are as 
much a part of our service as our 
fleet of field units. 

Analyses of customers’ field brines, 
cores, and cuttings are made by ex- 
pert chemists, petroleum engineers, 
and geologists at our Breckenridge 
lab. All our stations have modern 
portable equipment for on-location 
checking of brine and spent acid. 
Our Guymon and Odessa labs are 
equipped to make complete analyses 
of brines and formation cuttings. 

Also important to our customers 
is the research that our lab does on 
new materials and new processes for 
well servicing, the continuous review 
of our quality control, the re-evalua- 
tion and improvement of materials 
and processes used by our service 
units in the field, and the constant 


study of other products and methods 
as they are introduced to the industry. 

So our lab is a significant part of 
the service work our customers re- 
ceive. It’s one of the reasons our 
crews do such a good job. Nowhere 
in the oil patch will you find a better 
outfit . . . with better men, better 
equipment, or better facilities. The 
Chemical Process Company * Breck- 
enridge, Texas + Service Stations 
Throughout the Mid-Continent Area. 


Acidizing ® Fracturing 


THE CHEMICAL PROCESS CO 
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PROFESSIONAL SERVICES 


This space available only to AIME members. 


Rates Upon Request 


AMSTUTZ AND YATES, INC. 


Petroleum Engi and Geologist 
Estimates of Oi! and Gas Reserves 
Property Valuations, Reservoir Anolyses 
Geologic Investigations 
406 KFH BLDG., WICHITA 2, KANS. 


E. L. ANDERS, JR. 


Consulting Petroleum Engineer 


Oil Property Managemen! 
230 Petroleum Building 
ABILENE, TEXAS 
Phone: 3-225! 


BALL ASSOCIATES 
OIL AND GAS CONSULTANTS 
Douglas Bal! 
Rex E. Cheek Taber de Polo 
1025 VERMONT AVENUE, N.W. 
WASHINGTON, D.C. 


J. HOWARD BARNETT 
PETROLEUM CONSULTANT 
Cosper Notional Bonk Bidg. Phone 2-1758 


113 East Second St. Casper, Wyoming 


ROBERT M. BEATTY 


Esperson Building Houston, Texas 


BRADLEY, OLIVER AND 
ASSOCIATES 
PETROLEUM CONSULTANTS 
Geology, Engineering and Managemen! 
3300 Republic Bank Bidg. 
Dallas, Texas $T-533) 


Oi! and Gos Reserves — Appraisals 
Flooding — Technology 


J. RANDOLPH BUCK 
Petroleum Engineer 
Notional City Bidg. 
DALLAS, TEXAS 


STerling 1688 


JOHN L. JORDAN 


Analytical and Petroleum Chemist 
Podbieiniak and Charcoal Analysis 
Water - Oi! Field Brines 


CAMPBELL LABORATORIES 


Phone: Tulip 4-0371 Corpus Christi, Texas 


CHEMICAL & GEOLOGICAL 
LABORATORIES 
Consultonts - i igoti - Evalvetions 
Petroleum Engineer 
Petroleum Engineer 
CASPER, WYOMING 


CRUTCHFIELD AND PRUETT 


CONSULTING PETROLEUM ENGINEERS 
Wilson Tower 
CORPUS CHRISTI, TEXAS 
John W. Crutchfield Horton T. Pruett 
Donald D. Lewis 


EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 
3316 East 21st St. 
TULSA 14, OKLAHOMA 
Phone: 9-6345 


EASTON & SACRE 


Consulting Petroleum Engineers 


1716 Oak Street Phone FAirview 5-5026 
BAKERSFIELD, CALIFORNIA 


WARD M. EDINGER 


Consulting Petroleum Engineer 
Secondary Recovery 
Oil and Gas Reserves 
Reservoir Analyses 
729 Hightower Building 
Okiahomo City, Okla. FO-5-1421 


EMPIRE RESOURCES 
MANAGEMENT, INC. 


Management, Consulting and Evaluation 
Oil, Gas and Uranium 
J. Crichton, Pres.; C. C. Harter, Jr., Vice Pres. 
602 FIDELITY UNION LIFE BLDG., DALLAS 
ST-5396 
4TH FLOOR C&! BLDG., HOUSTON, CA-89571 


FITTING & JONES 
Engineering and Geological C 
Ralph U. Fitting, Jr. 
Jones 


T. W. Hassel! 
Petroleum Naturs! Gas 
223 S. Big Spring St. Box 1637 
Phone 4-445! Midiand, Texas 


ROBERT D. FITTING 


Petroleum Consultant 
Engineering and Geology 
MIDLAND, TEXAS 


20! West Building Phone: 4-4922 


MICHEL T. HALBOUTY 


CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shell Building 


Houston 2, Texos Phone PR-6376 


HARRELL DRILLING 
AND 
OIL COMPANY 


Contract Drilling — Production 
Geological Appraisals 
MELROSE BUILDING 

HOUSTON, TEXAS 


GEORGE A. HOCH 
Thin Section Technician 
Unconsolidated Materials a Speciaity 
Standard and Vacuum Impregnated Sections 
DEPT. OF GEOLOGY 
FRANKLIN & MARSHALL COLLEGE, 
LANCASTER, PA. 


E. W. HOUGH 


Emulsion and Paraffin Problems 


Box 7547 University Station 
Austin, Texas 


Registered Engineer in California and Texas 


KELLER & PETERSON 


Petroleum Consultants 
Reserve Estimates Reservoir Analysis 
Petroleum and Geclogical Engineering 
902 W. T. WAGGONER BLDG. 
FORT WORTH, TEXAS 
Phone: FOrtune 4340 


O. Keller L. F. Peterson 


R. W. LAUGHLIN 


Well Elevations 
Loughlin-Simmons & Co. 
2010 S. Utica 
TULSA 4, OKLAHOMA 


LEIBROCK & LANDRETH 


Consulting Petroleum Engineers 
Valuations — Reservoir Anclyses 
Proration — Geological Investigations 
Property Management — Well Completions 
PETROLEUM LIFE BLDG. 

MIDLAND, TEXAS 
Phone 2-7500 P. ©. Box 605 
GEORGE H. LANDRETH R. M. LEIBROCK 


MARTIN, WILLIAMS & JUDSON 
PETROLEUM CONSULTANTS 
Engi ing - Geology - Management 
131 Central Bidg. Phone 2-5216 
MIDLAND, TEXAS 
William H. Martin R. Ken Williams 
Edward H. Judson . 


BUCK J. MILLER 


Petroleum and Geological Engineering 
Evaivations—Reservoir Analysis 
Geological Investigations 
917 Staley Building, Wichita Falls, Texas 
Telephone: 3-9582 


M. M. MONTGOMERY 


CONSULTING PETROLEUM ENGINEER 
Volvations, Drilling, Well Completions 
Production, Workovers 
Property Management 

Williston, 


Hapip Bidg. 
3-4642 North Dakoto 


NOWLAN-DODSON 
ENGINEERING, INC. 


Reservoir Analyses - Water Flood Projects 
Natural Gas Engineering 
Gas Storage Reservoirs 
EVANSVILLE, INDIANA 
319 COURT BUILDING PHONE 5-8154 
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Reservoir Analyses 
E. M. Easton 
P. Sacre, Jr. 
H.M. Allen 
Consulting Geologist 
_ 
= 


OILFIELD RESEARCH 
Core Analysis Reservoir Engineering 


1907 DIVISION, EVANSVILLE, 


INDIANA 
Phone: 7-1508 (Night 6-0608 or 6-4882) 
Service Laboratories 
Mt. Vernon, Ill. Paintsville, Ky. 
Phones: Day 5131 or Night 1160 


ERNEST K. PARKS 
CONSULTING PETROLEUM ENGINEER 
Planning, Direction and Examination of 
Oilfield Operations, Estimates of Oil and 

Gas Reserves, Oi! Property Valuation 
306 N. Cliffwood Ave., Los Angeles 49, 
California 
Telephone: GRanite 2-2632 


PETROLEUM CONSULTANTS 


Engineering and Geology 
E. O. Bennett James O. Lewis 
D. G. Hawthorn M. D. Hodges 
1552 Esperson Building Houston 2, Texas 


PETROLEUM ENGINEERING 
INCORPORATED 
Petroleum and Geological Engineering 
Core Analysis - Appraisals 
Development and Operation of 


Water Flood Projects 
ROBINSON, ILLINOIS BOX 239 


PETROLEUM TECHNOLOGISTS 
Production Research - Core Anclysis 
Secondary Recovery 
868 Truckway, Montebello, Calif. 
NORRIS JOHNSTON PArkview 1-5338 


PISHNY AND ATKINSON 
Engineers and Geologists 
Valuation of Oil and Gas Properties 


2412 Continental Life Bidg. 
FORT WORTH, TEXAS 
Chaos. H. Pishny Burton Atkinson 


E. E. REHN 
Consulting Petroleum Geologist 
Oil Exploration 
Wood Building, 624 Locust Street 
EVANSVILLE, INDIANA 


R. WAYNE RUSSELL 
PETROLEUM CONSULTANT 
Engineering and Geology 


DALLAS, TEXAS 


625 Reserve Loan Life Building 
Phone ST-3020 


JOHN HOWARD SAMUELL 


Speciolizing in Bank Valuations 
Geologist and Petroleum Engineer 
Compton Building Box 732 


Phone 4-4493 and 4-4597, Abilene, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 
2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 


SUBSURFACE 
ENGINEERING COMPANY 


Experts in Field Testing, Sampling and 
Analyzing Reservoirs and Reservoir Fluid 
for Reservoir Studies 
WRIGHT PETROLEUM LABORATORY 
Home Office: Box 1827, Tulse 
Frank Purdum 


AUGUST, 1955 


CHARLES C. (RUSTY) WILLIAMS 


Qeal a 


Williams Seismograph, Inc. 


252 South Green Street Phone 62-7274 
WICHITA, KANSAS 


Proposed for Membership, 
Petroleum Branch, AIME 


TOTAL AIME membership on May 31, 
1955, was 22,664; in addition 1,804 Student 
Associates were enrolled. 


PETROLEUM BRANCH ADMISSIONS 
COMMITTEE 
Virgil B. Harris, chairman; C. C. Harter; 
Charles Hudson; Raoul J. Bethancourt: Oscar 
Kk. MeEtheney; Jack Wahl. 


California 

Bakersfield Bryan, Francis Lackner (M); 
Roberts, Dwight Conklin (M). 

Coalinga Craner, Philip Jules (M). 
Pasadena Allen, Charles Orville (R, C/S- 
S-J). 


West Sacramento — Cantrell, Rex C. (J). 


Kansas 
Wichita Harwood, Richard James (A). 
Louisiana 

Grant, Richard Joseph (J). 
Pfister, Wallace C. (M). 
Pittman, John Whitney (R, 


Bossier City 
Lafayette 
New Orleans 
C/S-J-M}. 


New Mexico 


Boone, Robert Lewis (J). 


Lovington 


Ohio 

Findlay Clark, Glynn Alden (C/S-J-M). 
Oklahoma 

Duncan Ramos, Joseph (M). 

Lindsay Schmid, W. Fred (J). 


Pennsylvania 


Boalaburg Moore, E. James (M). 

Texas 

Bellaire Mathis, Harry David (A); Me- 
Gowen, Robert Erwin (J); Walker, Leo Ken- 
neth (M). 

Conroe Anderson, Roy Eugene (J); Rus- 


sell, Billy Noel (J). 

Dallas — LeVelle, James Alfred (J); Wallace, 
Demi F. (J). 

Dayton White, Charles Douglas (J). 
llardin Johnston, William Jesse (J). 
Houston —Bisbing, John William (J); Black- 
well, Robert Jerry (J); Castator, Robert 
Manson (J); Douglas, Jim, Jr. (J); Flynn, 
William Howard (A); Fredrickson, Howard 
Roy (J); Gallie, Thomas Muir, Jr. (J); 
Hicks, Robert Earl (J); Morgan, James Ray 
(A); Muench, Nils Lilienberg (J); Rhea, 
John William (R, C/S-J-M); Smith, Win- 
ston Glenn (C/S-A-M); Tischler, Leonard 
Frederick (J); Turner, Kebbie Joe (M); 
Uphaus, Aaron Chester (M). 


Longview Mitchell, Oran Winton (M). 


Midland Agnew, Bobby Gilbert (R, C/S- 
S-J). 

Pampa Kenworthy, Joe D. (R, C/S-S-J). 
Sherman Bates, Robert Emery, Jr. (J). 


Wichita Falls — Williams, James Elmer (R, 
J). 
Virginia 


Triangle — Elvig, John Frithjof (J). 


“AIME Membership 
Award” to Be Given for 
Securing New Members 


An individual AIME Membership 
Award will be given this year to 
each member who secures five or 
more new applications for member- 
ship. 

The award is a lapel button con- 
sisting of the 
AIME blue and 
gold emblem, sur- 
rounded by a 
white enamel bor- 
der with the 
words “Member- 
bership Award” 
in gold letters. 
From the button 

hangs a pendant 
with a numeral “5” or “10” indicat- 
ing the number of applications se- 
cured. 


A member should print the words 
his full name, in ink at the top of 
each application he obtains. The 
number of applications credited to 
each individual will be recorded at 
Institute headquarters. When a mem- 
ber has five applications to his credit, 
the pin will be sent to his local sec- 
tion for presentation at its next meet- 
ing. Successive awards will be given 
in multiples of five, with the appro- 
priate pendant attached. 


ALUMNI REUNION PLANNED 


The second Alumni Reunion of the 
Minnesota School of Mines and Met- 
allurgy will be held Friday, Oct. 21. 
1955. A technical session, banquet 
and dance, and the Michigan-Minne- 
sota football game will be highlights 
of the meeting. Make reservations by 
contacting R. L. Dowell, 306 Apple- 
by Hall, Minneapolis 14, Minn. 


Reprints of Faith of Engineer 


Reprints for framing of “Faith of 
the Engineer,” published on the June 
JOURNAL OF PETROLEUM TECHNOL - 
oGY cover, are still available. They 
are printed on parchment-colored 
mat paper and will be sent to any 
member free of charge upon request. 


Necrology 


Date of Death 
June 18, 1955 
April 29, 1955 


Eleeted Name 
1952 Rosenkranz, Ronald 
1919 Stathers, Siles C. 
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Regular Meetings Started by 


NEW VENEZUELA LOCAL SECTION ELECTS OFFICERS 


The Venezuela Local Section has elected oflicers and 
is now holding monthly meetings. The establishment of 
this local section was authorized last December by the 
AIME Board of Directors. 

Pictured on the right are the officers of this section. 
On the front row, left to right, are: Jose Paez, Socony- 
Vacuum Oil Co., first vice-chairman, and C. F. Rust, 
Socony-Vacuum Oil Co., secretary. Left to right on 
the back row are: Don M. Chase, Mene Grande Oil 
Co., chairman; John Feeser, A-Z Export, second vice- 


’ chairman; and M. W. Breedlove, Las Parceles de Anaco, 


treasurer. 

The May meeting, held at Chepa’s Icehouse at Anaco, 
featured a talk by T. A. Pollard, of Magnolia Petroleum 
Co., Dallas. He spoke on “In-Situ Combustion,” ex- 
plaining his company’s recent research efforts in the 
laboratory and field on this form of secondary recov- 
ery. As treasurer of the Petroleum Branch and a mem- 
ber of the Executive Committee, Pollard also welcomed 
the new section into the AIME. 


The meeting (pictured on right) was attended by 


_ 70 members and guests. Every company in the area was 


represented, with some engineers making overnight trips 
from distant points to attend. 


250 cc Super-Pressure Pump, 25,000 psi, Motor Driven through 
Vickers Hydraulic Transmission. 


INSTRUMENTS for the Oil Industry 


Ruska Instrument Corporation specializes in 
the development and manufacture of scientific 
instruments for the oil and mining industries. 


Reservoir Engineering 
Pressure Measurement 
Volumetric Pumps 
Core Analysis 


Ruska Instrument Corporation 


Chairman Don M. Chase would like to have several 
programs each year featuring speakers from the United 
States who are in Venezuela on business. He has re- 
quested that AIME members contact him should they 
plan to be in that area and be willing to make a talk. 


Was Your Position or Address Listed 
Incorrectly in the Branch Directory? 


If you are now president of your company and we 
listed you as a junior engineer in the June Directory 
Issue — or if you are now in New York City and we 
carried a Sundown, Tex., address, please let us know. 
Otherwise, we may make the same mistake next year. 

Your reporting to us any change of address or title 
is necessary if we are to be accurate. The form below 
is provided for your convenience and should be sent 
to Petroleum Branch AIME. 800 Fidelity Union 
Bidg., Dallas 1, Tex. 


Membership 


Old Address. 


for 


Directory 


Material for the “Personals” page Gare in 
JOURNAL OF PETROLEUM TECHNOLOGY is taken from 
additional information provided. Should you wish to 
let your friends in AIME know of a recent change, 
attach a sheet giving your former position, your new 
position, and other information suitable for a “Per- 
sonals” notice. 


One month normally required for change of address. 


4607 MONTROSE BLVD. HOUSTON 6, TEXAS 


JOURNAL OF PETROLEUM TECHNOLOGY 


| 
Ask for New 
CATALOG 


PERSONALS 
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(Continued from Page 39) 


GeorGE L. Gore has been pro- 
moted from petroleum engineer to 
district engineer for Dowell, Inc., at 
Denver. He joined the company in 
1949 after receiving an electrical en- 
gineering degree from Oklahoma: 
A&M. Prior to transfer to the Den- 
ver office in Aug., 1954, he had 
served in various capacities at Great 
Bend, Kan., and Tulsa. 


ROBERT R. WALLACE has been 
. transferred to Dallas by Seaboard 
Oil Co. His move from Corpus 
Christi necessitated his resignation as 
chairman of the Southwest Texas 
Local Section. For the remainder of 
Wallace’s term RALPH E. WARNER of 
Forest Oil Corp., San Antonio, will 
serve as chairman, and CHESTER L. 
WHELEss of LaGloria Oil and Gas 
Co., Corpus Christi, will act as ad- 
ministrative director of the section’s 
executive committee. 


FREDERICK ARTHUR JOHNSON 
(right) receives a memorial certifi- 
cate on the fortieth anniversary of 
his graduation from the University 
of Pittsburgh with a degree in petro- 
leum engineering. H. G. BorTseET, 
head of the University of Pittsburgh 
Dept. of Petroleum Engineering, is 
shown making the award. In 1915 
Johnson was the first man in history 
to receive a petroleum engineering 
degree. The presentation was made 
to the Oil City, Pa., consultant in 
conjunction with the annual meet- 
2 ing of the Pennsylvania Grade Crude 
Oil Association in Pittsburgh. 
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M. |. HiGGs has resigned his posi- 
tion as director and field operations 
vice-president of Lane-Wells Co., one 
of the Dresser Industries. He had 
joined Lane-Wells in 1938 and was 
manager of the Gulf Coast Div. be- 
fore being transferred to the Los 
Angeles head office in 1947. In 1950 
he was made a director of the com- 
pany, and in 1952 he became vice- 
president. His future plans were not 


announced at the time of his resig- 
nation. 


A. W. WALKER has resigned as 
head of the Dept. of Petroleum En- 
gineering at the University of Tulsa 
because of poor health. He will con- 
tinue as a part-time professor in pe- 
troleum engineering there and as 
chairman of the Petroleum Branch 
Education Committee. 


Mud-ex is designed to purge oil wells and stimulate 
production by eliminating water blocks, removing mud 
sheaths and reducing surface and interfacial tension. 
Mud-ex is equally effective on either new or old wells. 
In new wells, Mud-ex cleans the face of the formation 
so that flow from the production zone is free and easy. 
In old wells, productivity is restored by releasing water 
or mud blocks which retard the flow of well fluids, 
dispersing the clogging materials for easy removal. 


Your Tretolite Field Engineer can give you complete 
information on Mud-ex. Why not get in touch with 


him today? 
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The JOURNAL will post notices ol 
men and jobs available. Companies 
and AIME members are invited to 
use this space, for which there is 
no charge. Except as noted below, 
Address replies to: Code (appropriate 
number), JOURNAL OF PETROLEUM 
TECHNOLOGY, 800 Fidelity Union 
Bidg., Dallas 1. These replies will be 
forwarded unopened and no fees are 
involved. 


PERSONNEL AVAILABLE 


yy Petroleum and Geological En- 
gineer desires a change in positions. 
Recent graduate with summer ex- 
perience in oilfield work during 
school vacation. Now engaged in 
waterflooding work. Married. Code 
254. 


yy Petroleum Engineer, 33, with five 
years’ experience in production and 
reservoir engineering seeks position 
with independent in Southwest area. 
Now employed by major company, 
married, one child. Code 252. 


yy Petroleum Engineer with six 
years’ intensive experience in Arkan- 
sas, Louisiana, and Texas, desires po- 
sition with opportunity for advance- 
ment. Graduate of 1949, married, 
two children. Now employed, and re- 
sponsible for drilling, workovers, pro- 
duction, and waterflood project for 
independent. Code 256. 


yy Graduate Petroleum Engineer, age 
32, married. Ten years’ extensive ex- 
perience in rotary and cable tool 
drilling, primary and secondary re- 
covery production techniques, and 
administrative work for major and 
independent firms. Desires a respon- 
sible position anywhere in Continen- 
tal North America with an aggressive 
organization. All offers acknowl- 
edged. Code 257. 


yy Registered Chemical Engineer, 43, 
married, two children. Ten years in 
drilling mud and fluid flow research. 
Background of physical metallurgy 
and physical and non-destructive test- 
ing and inspection. Looking for an 
opportunity to combine oilfield, re- 
search, and metallurgical experience. 
West Coast preferred. Now em- 
ployed. Code 258. 


jy Experienced waterflood engineer 
capable of evaluating, developing, and 
managing flood properties desires po- 
sition with aggressive independent. 
Has Oklahoma professional engineer 
registration. Code 259. 
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EMPLOYMENT 


NOTICES 


yy Reservoir Engineer and Logging 
Expert, 35, married, with seven 
years’ experience in field engineering 
and all phases of reservoir engineer- 
ing with one major company. Cur- 
rently employed as reservoir engineer 
in a key position. Desires responsible 
staff position with opportunity for 
advancement. Code 261. 


POSITIONS OPEN 


yy Several positions are currently 
available in petroleum engineering 
departments of colleges and univer- 
sities. Included among these are po- 
sitions in two institutions as head of 
the petroleum engineering depart- 
ment. Any member wishing further 
information on these openings should 
contact Joe B. Alford, Executive Sec- 
retary of the Petroleum Branch, 800 
Fidelity Union Building, Dallas. 


yy Young man as full-time or part- 
time laboratory services supervisor. 
High school education with one or 
two years of college and business ex- 
perience. Opportunity to take college 
courses. Basic salary—$242 per 
month. Write: Chairman, Dept. of 
Petroleum Engineering, The Univer- 
sity of Texas, Austin. 


and equipment. 


BAASH-ROSS TYPE 
AUTOLOCK SAFETY JOINT 


Here's a Safety Joint that’s 
ideal for all types of fishing 


Production Research 
A decision to expand markedly 
drilling and production research 
activities at 

THE RESEARCH CENTER 

OF THE GULF OIL 

CORPORATION 

creates excellent opportunities for 
B.S. THROUGH Ph.D. GRAD- 
UATES IN: 
e PHYSICS 
e CHEMICAL ENGINEERING 
e APPLIED MATHEMATICS 
e PETROLEUM 
ENGINEERING 
PHYSICAL CHEMISTRY 
MECHANICAL 
ENGINEERING 
Experience in the problems of pro- 
duction research or field opera- 
tions while desirable is not essen- 
tial. 
e Liberal publication policy. 
e Rural location 15 miles N.E. of 

Pittsburgh. 

e Salary open. 
Write to: 
Gulf Research & Development 
Company 
P. O. Drawer 2038 
Pittsburgh 30, Pennsylvania 


AUGUST, 1955 


strings as well as for testing 
strings, wash-over operations 
and other applications where 
a readily-releasable connec- 
tion is desired. 


PETROLEUM ENGINEERS WANTED 
FOR VENEZUELA & COLUMBIA 


Attractive salary and other benefits. Excellent personnel development pro- 
gram. Opportunity to obtain additional experience. Openings now for 
men with up to 5 YEARS EXPERIENCE in drilling, production, reservoir 


Forward personal data and college transcripts to: 


SOCONY MOBIL OIL CO., INC. 


25 BROADWAY, NEW YORK, N. Y. 


* Transmits full torque 
without over-tightening 


© Releases quickly 
whenever desired 


* Spring-loaded collar and matching drive 
notches assure ample driving area for heavy 
torque loads without over-tightening. 


* Also transmits moderate reverse torque 
without loosening. 


* Releases at about half the reverse torque 
of normally made-up tool joints. 


e Fully packed-off for high pressure circula 
tion. Can be unscrewed for six full turns with 
out losing fluid seal. 


Available in regular all-steel construction—or wit! 
box of drillable metal for easy removal of portior 
left in the hole. 


BAASH-ROSS TOOL COMPANY 


DIVISION OF JOY MANUFACTURING COMPANY 


Los Angeles, Calif. « Houston, Texas « Odessa, Texas * Oklahoma City, Okla 


Casper, Wyo. * Olney, Ill. * Edmonton, Alb., Canada « New York City 
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FOR DEEP PENETRATION 
in gun perforating 


There are lots of reasons why, but right now, let’s talk results... 
0 U r he S like that shown in the drawing. That's the average penetration 

delivered by Lane-Wells’ 4%16” A-2 bullet gun. Other 

Lane-Wells bullet guns deliver even greater penetration, and 


. we have Koneshot guns that can give as much as 18” 
bk | S 0 C 4 penetration, but of course they can’t be used on every job. 


The point is, Lane-Wells has both bullet avd Koneshot guns 


cet tailored to fit every kind of perforating job. Singly, or in 
= 4 n be A S combination, they'll deliver the penetration your job demands. 
| Check it for yourself... 


Tpolo— Today /, 
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METASTABLE EQUILIBRIUM in the DEW POINT 
DETERMINATION of NATURAL GASES in the HYDRATE REGION 


RIKI KOBAYASHI 
JUNIOR MEMBER AIME 
DONALD L. KATZ 
MEMBER AIME 


INTRODUCTION 


The dew point of natural gas which has been in 
equilibrium with gas hydrates has been reported to be 
lower than that obtained for natural gas in equilibrium 
with water’. Hammerschmidt’ reports a lowering of 
the dew point of 13° F for a natural gas in equilibrium 
with hydrate at 38° F and 525 psi. Records and Seely* 
likewise show that the dew point of gas leaving hydrate 
separators’ is as much as 15° F below the separator 
temperature. 

This paper presents the reasons for the observed 
differences between the equilibrium temperatures and 
the dew point temperatures. Descriptions of the dew 
point determination by the Bureau of Mines and ASTM 
tester’ indicate that the dew point is taken as the tem- 
perature at which liquid water droplets first begin to 
appear on the cooled mirror surface even though the 
temperatures involved are below that required for the 
formation of gas hydrates or ice. 


PRESSURE-TEMPERATURE DIAGRAM FOR 
METHANE-WATER SYSTEM 


Fig. 1 presents a schematic pressure-temperature dia- 
gram for the methane-water system’ for some constant 
pressure between the critical pressures of pure methane 
and pure water i.e., pressures frequently encountered 
in pipeline operations. The possible equilibrium rela- 
tions are shown by the heavy solid lines. Curve AE 
represents the saturated water content or dew point of 
gas in equilibrium with a water-rich liquid solution 
while curve EF represents the dew point of gas in 
equilibrium with hydrates. In addition the dotted line 
DE labelled “metastable dew point” is introduced to 
explain the apparent discrepancy between the dew 


Original manuscript received in Petroleum Branch office on Dec. 
18, 1954. Revised manuscript received on June 30, 1955. 
1References given at end of paper. 
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point determination and gas-hydrate equilibria. Thermo- 
dynamics place certain restrictions on the location of 
line DE’, namely, that (1) the concentration of water 
along the line DE be greater than the concentration of 
water along EF or that the metastable line split the 
angle formed by the intersection of line GE and EF 


PRESSURE IS BETWEEN THE CRITICAL 
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600; A BOILING POINT OF PURE WATER 
8B FREEZING PONT OF PURE WATER 
C FREEZING POINT OF METHANE A 
500+ ows 
? 
GAS 
o* 
2 
@ 
300 a’ 
ra} ol: 
9 > 
200F Ly 
> e/ GAS + WATER-RICH LIQUID = 
3 
wi 100F 
> 
= 'YDRATE FORMATION T' ATUR G 
8 
ICE TEMPERA’ 
METASTABLE | 
| DEW POINT 5 
~ we 
-100F Sof 'o cE + 
HYDRATE 
GAS + HYDRATE 
-200P *3 
-300 SOLID METHANE TEMPERATUR 
F 
PURE CONCENTE ONO} ATER PURE 
ME THANE WATER 


Fic. | — SCHEMATIC TEMPERATURE-COMPOSITION 
DIAGRAM FOR METHANE-WATER SYSTEM. 


i ; 
Ue 
‘ 
3 
we 
q 
7 
= 
. 51 


.0010 
150) @00 LBS/SO IN ABS.” 0018 
| ° 
< '0 8 
4 
~ 
i 
H 7 
OF lo.0022 


MOL FRACTION WATER 


Fic. 2 — TEMPERATURE COMPOSITION DIAGRAM OF 
METHANE-WATER SYSTEM AT 900 PsI. 


and (2) that line DE be a smooth extension of line 
AE. Although the section shown in Fig. 1 is for the 
methane-water system, a similar one could be drawn 
for ethane-water or propane water. A lean natural gas 


' would be expected to approach the behavior described 


for the methane-water system. Corresponding to ex- 
tension DE of line AE there should exist a metastable 
extension of line AG, which is not shown. 

At temperatures below line GE, at the pressure for 
which the phase diagram is drawn, vapor and hydrate 
are in equilibrium along EF when methane is in ex- 
cess of the theoretical amount required to form the 
hydrate. 


The existence of liquid water on the mirror of the 
dew point tester below EG where gas and hydrate are 
in equilibrium and the reproducibility of the dew point 
require a metastable equilibrium. 


QUANTITATIVE DIAGRAM 


A quantitative diagram of the methane-water system 
has been drawn at 900 psi, Fig. 2, to illustrate the 
difference in the water concentration of the methane 
or natural gas when in contact with hydrate at equilib- 
rium and in contact with liquid water under metastable 
conditions. The actual temperatures are indicated on a 
reciprocal temperature scale. Curve AED represents the 
dew point conditions at 900 psia‘. It should be noted 
that the dew point concentrations below the hydrate 
formations temperature correspond to the metastable 
equilibrium. Curve EF of Fig. 2 was obtained by 
applying to the methane-water system the depression 
of the dew point observed by Records and Seely for 
natural gas. 
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Consider the process of contacting a gas in equilib- 
rium with hydrate at temperature 7, followed by a dew 
point determination. The water content ot the equilib- 
rium vapor at 7, (0°F) is x,, (.000024 mole fraction) 
from the hydrate-vapor equilibrium curve. This water 
content, x,, is present in the gas which shows a dew 
point of 7, (—15°F). For the metastable equilibrium 
curve DE, T., the water dew point would be lower than 
T,, the equilibrium hydrate temperature. 


CONCLUSIONS 


It should be noted that charts which give the equilib- 
rium water content of natural gases as a function of 
temperature and pressure’ are for liquid water-gas equi- 
libria, including the metastable equilibrium when such 
occurs. Hammerschmidt’ calculated the fugacity of 
water over hydrate but no other relationship has been 
presented to show the water content of gases in equi- 
librium with hydrate. Such data along with the water 
content charts of natural gas in equilibrium with liquid 
water would give a quantitative verification of the meta- 
stable relationship described. 
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The EFFECT of the RELATIVE PERMEABILITY RATIO, the OIL 
GRAVITY, and the SOLUTION GAS-OIL RATIO on the PRIMARY 
RECOVERY from a DEPLETION TYPE RESERVOIR 


J. J. ARPS 

MEMBER AIME 

T. G. ROBERTS 
JUNIOR MEMBER AIME 


BRITISH-AMERICAN OIL PRODUCING CO. 
DALLAS, TEX. 


T. P. 4103 


NTRODUCTION 


Since the introduction of the relative permeability 
concept in the middle thirties’* various investigators 
have shown*”***” how the basic equations for the 
flow of oil and gas through porous media can be 
utilized to compute the recovery from depletion type 
or solution gas drive type reservoirs under certain con- 
ditions, when the necessary physical data pertaining 
to the reservoir rock and its reservoir fluids are known. 

In the study by Muskat and Taylor” in 1945, the 
effects of viscosity, gas solubility, shrinkage, and the 
permeability-saturation characteristics of the produc- 
ing formation on the production histories and the re- 
covery of gas drive reservoirs were analyzed. Each 
parameter was varied a limited number of times, while 
keeping the others constant. The work was not carried 
to the point where the data could be used directly to 
estimate the primary recovery in those cases where 
certain rock and fluid characteristics were known or 
could be assumed. 

Since the publication of this classic study, the work 
by Beal in 1946” and Standing in 1952" has established 
general correlations of oil viscosity and shrinkage with 
gas solubility and oil gravity. In addition, a considerable 


Paper presented at AIME Annual Meeting in Chicago Feb. 13-17, 
1955. Original manuscript received in Petroleum Branch office on 


Dec. 30, 1954. Revised manuscript received July 7, 1955. 
‘References given at end of paper. 
Discussion of this and all following technical papers is invited. 
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number of relative permeability relationships for 
different types of reservoir rocks has been pub- 
lished?*"""""**", Also, the burden of the numerical work 
required in the solutions of the differential equation has, 
during the last few years, been greatly reduced with 
the availability of modern electronic computing facilities. 

The purpose of this paper is therefore to present 
the results of a large number of such recovery com- 
putations covering the normal range of variation of the 
main parameters such as the type of rock, the AP! 
gravity of the oil, and the amount of gas in solution 

As is to be expected, the ultimate recovery is found 
to increase with the oil gravity, except for the higher 
solution gas-oil ratios. 

Within the normal range of solubilities, the ultimate 
recovery generally appears to decrease with the amount 
of gas in solution for the higher oil gravities, and to 
show a slight increase for the lower oil gravities. Inter- 
mediate oil gravities seem to fall between the two 
trends. 

The type of reservoir rock, as identified by its rela- 
tive permeability relationship, appears to have a very 
pronounced effect on the ultimate recovery. In gen 
eral, sands and sandstones show higher recoveries than 
limestones and dolomites, although certain intergranula: 
limestones seem to show a higher theoretical recovery 
than unconsolidated sand. The recovery from sands 
and sandstones generally decreases with increasing 
cementation and consolidation, while the recoveries 
from limestones and dolomites are highest for the inter- 
granular type and lowest for the fracture type porosity. 
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STATEMENT OF THE PROBLEM 


Reservoirs of the depletion type which lack the aid 
of a natural water influx, due to low permeability or 
absence of an aquifer, generally show disappointingly 
low recoveries by primary means, of the order of only 
10 to 30 per cent of the oil in place. This low recovery 
efficiency presents a challenge to the reservoir engineer. 
Most of the newer depletion type fields—which are of 
sufficient size and where stimulation of the natural 
forces by fluid injection is economically feasible—are 
therefore rarely left alone to be depleted by their nat- 
ural primary mechanism. 

Since recommendations for fluid injection programs 
always need economic justification, and since the same 
reservoir cannot be produced more than once, a thor- 
ough understanding of the factors contributing to the 
primary recovery without fluid injection is of vital 
importance. To cover all possible variables which could 
enter the picture in a general study such as this would 
be impractical. It is the purpose of this paper, there- 
fore, to study the effect of the most important variables 
on the ultimate recovery while keeping those of lesser 
significance constant. 

The most important variable appears to be the type 
of reservoir rock as identified by its relative permeability 
relationship. By selecting six different curves—covering 
maximum, minimum and average conditions for both 
sandstones and limestones—a fairly good coverage of 
the range of the most common types of producing 
formations was obtained. 

Next in importance are the types of reservoir fluids 
within the rock. By means of the correlations estab- 
lished by Beal" and by Standing” the range of possible 
combinations was covered by choosing three different 
crude oil gravities, 15, 30 and 50° API, and solution 
gas-oil ratios ranging up to 2,000 cu ft/bbl. Selection 
of the crude oil gravity and the amount of gas in 
solution defines the viscosity and shrinkage relation- 
ships as well as the pressure and the temperature of the 
reservoir system. 

To confine the computations to these main variables, 
the following simplifications were introduced: 

1. The crude oil in the reservoir is at the bubble 
point. 

2. There is no free gas cap. 

3. There is no water influx. 

4. There is no gravity drainage effect. 

5. There is no injection of either gas or water. 

. Connate water is assumed to be 25 per cent in 
the sands and sandstones and 15 per cent in the lime- 
stones and dolomites. 

7. The relative permeability ratio (k,/k,) is inde- 
pendent of the presence of an immobile connate water 
phase within the range of connate water values nor- 
mally encountered’. 

8. There is no vaporization hysteresis. 

9. The dissolved gas is assumed to follow an em- 
nirics! relationship between gravity and saturation pres- 
sure, which ranges from 1.5 at lower pressures to .75 
vi higher pressures. 

10. The producing reservoir is a porous medium 
uniform horizontally and vertically and containing oil, 
gas, and water in continuous equilibrium. 
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11. The abandonment pressure is 10 per cent of the 
initial pressure. 

12. The effect of production rate, selective produc- 
tion, and well spacing is disregarded. 

13. The computed pressure-saturation relationship at 
the reservoir boundary is representative of the average 
pressure-saturation relationship of the entire drainage 
area’. 


DERIVATION AND SOLUTION OF THE 
DEPLETION EQUATION 


The Equation of Continuity for Oil is obtained by 
setting the derivative with respect to time of the amount 
of oil present in a unit volume of reservoir rock equal 
to the difference between inflow and outflow. In a like 
manner the Equation of Continuity for Gas is derived. 
To simplify the solution of these two differential equa- 
tions, only the reservoir boundary conditions are con- 
sidered where the pressure gradient is zero. It is also 
assumed that the porosity and connate water saturation 
are constant and that the gas-oil ratio function a i 

Me 
may be considered as essentially constant for small 
changes in oil saturation and pressure. After this sim- 
plification, the Equation for Gas is divided by the 
Equation for Oil, resulting in the following Depletion 
Equation: 

A S, 
AP 


In this equation all symbols correspond to the nomen- 
clature list at the end of this paper and are in accord- 
ance with the list of letter symbols for reservoir engi- 
neering approved by the Petroleum Branch Executive 
Committee of the AIME and published in the Jan. 
1955, issue of the JouURNAL OF PETROLEUM TECHNOLOGY, 
except that s replaces the derivative of solubility, 


AR, ; which is assumed to be constant, and that 5 
Ap 


replaces the derivative of the oil formation volume 


factor, AB. , which is also assumed to be constant. 
Ap 

Both the solubility and oil formation volume factor 

curves appear to be essentially straight lines over the 

pressure interval between the assumed economic limit 

pressure and the bubble point pressure. 

In solving the depletion equation numerically, the 
following factors—- which are functions of pressure 
only — were first calculated at various intervals from 
the bubble point to the economic limit pressure: 


l (; b Me and =) AB, 
B, \B, AP B, Me B, Ap 


This total pressure range was then divided into 10 
lb increments of Ap and the above functions were 
obtained by interpolation. 

In each individual computation the value of S, 
previously calculated was kept constant, which fixed the 
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Fic. 1 — RELATIVE PERMEABILITY RATIO FOR SANDS 
AND SANDSTONES VS TOTAL LIQUID SATURATION. 


k,/k, value and determined for that step the values of 
bbe. Ke andi + he 


Me Ko 
By dropping the pressure over the small increment 


Ap the corresponding drop in oil saturation AS, was 
S, 
computed from the = value given, which in turn led 


to the new S, value. 

The process was then repeated until the abandonment 
pressure was reached. 

From the initial oil saturation S, and the initial oil 
formation volume factor B, together with the oil sat- 
uration S,’ and oil formation volume factor B,’ at the 
economic limit, the recovery factor is then computed 
by means of: 


Recovery factor = 77.58 (| ae ) STB/acre- 
B,’ 


ft/per cent porosity. 


THE RANGE OF RELATIVE PERMEABILITY- 
SATURATION RELATIONSHIPS 


A search of recent literature on the subject showed 
a substantial number of relative permeability data for 
many different types of rock. This data together with 
some unpublished curves is reproduced on Fig. | for 
sands and sandstones and on Fig. 2 for limestone, 
dolomite, and chert formations. It may be noted that 
the range in the data on Fig. 1 is not as wide as it is 
on Fig. 2. 

For the sand and sandstone computations three 
cases were selected, which are indicated on Fig. | 


with heavy lines and which are deemed to represent 
fairly well the entire possible range by providing a 
maximum, a minimum, and an average k,/k, relation- 
ship. The maximum curve seems to be typical of un- 
consolidated sands. while the minimum curve appears 
to be more representative of highly cemented sand- 
stones. The average curve can be considered typical 
of the average consolidated sand or sandstone. 

For the limestone, dolomite and chert formations on 
Fig. 2 the spread in the k,/k, curves is considerably 
wider. Fractured chert seems to be the steepest and 
most unfavorable. At the other end of the range no 
well defined maximum case is apparent, although the 
curve numbered 23, adopted from Bulnes and Fitting”, 
representative of 26 samples from West Texas Permian 
dolomite, seems to be the best choice. The presence 
of intergranular or pinpoint-type porosity in limestones 
seems to point to a more favorable k,/k, curve, although 
it is not readily understood why this curve should even 
be better than the one for unconsolidated sand. This 
also applies to the indicated critical gas saturation 
which is very high. The curve selected as more or less 
average on Fig. 2 appears to be typical of the vugular 
types of limestone. 


CHARACTERISTICS OF RESERVOIR 
OIL AND GAS 


Correlations of the physical characteristics of oil 
and gas with the API gravity of the oil, specific 
gravity of the gas, bottom hole pressure, and bottom 
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hole temperature have been published by various in- 


4,7,9,16,18 


vestigators 

The significant characteristics of a saturated res- 
ervoir oil for the purpose of the depletion calculations 
are the viscosity ratio of oil to gas p./pu,, the forma- 
tion volume factor for the oil B,, the slope of the oil 
formation volume factor curve 4, the slope of the gas 
solubility curve s, and the gas formation volume fac- 
tor B,. 

The correlations established by Bicher and Katz’, 
and by Beal” show the gas viscosity », as a function 
of gas gravity, pressure, and temperature, and the oil 
viscosity », as a function of gas-free crude oil gravity, 
temperature, and amount of gas in solution. 

The correlations established by Standing” show the 
gas solubility and the oil formation volume factor B, 
for a given pressure, temperature, oil gravity, and gas 
gravity. 

The combination of these correlations therefore made 
it possible to determine all the significant characteristics 
of a “synthetic” saturated reservoir oil when the oil 
gravity and the total amount of gas in solution were 
given. In order to make this determination, a solution 
gas gravity was needed and an empirical relationship 
between the gravity of gas in solution and the bubble 
point pressure was assumed. 

To cover the possible range of oil gravities with a 
low, high, and intermediate value for interpolation pur- 
poses, the characteristics of synthetic saturated oils were 
computed for gas-free crude oil gravities of 15°, 30° 
and 50° API. A range of solution gas-oil ratios of 60, 
200, 600, 1,000 and 2,000 cu ft/bbl was then combined 
with the three chosen oil gravities to yield the necessary 
saturated crude oil systems. 

By means of Standing’s charts for each combination 
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of oil gravity and solution gas-oil ratio the required 
bubble point pressure and reservoir temp2rature were 
determined, together with the oil formation volume 
factor-pressure relationship and the slope of the solu- 
bility curve. With the aid of Beal’s charts the oil and 
gas viscosities and their ratio »./u, were determined 
at reservoir temperatures for the given amount of gas 
dissolved and the forementioned assumed gas gravities. 
The gas formation volume factor curve was further 
determined by means of the Brown method". The char- 
acteristics of the synthetic oil-gas systems thus arrived 
at are shown on Figs. 3, 4, and 5 for gas-free crude 
gravities of 15, 30, and 50° gravity API, respectively. 


RANGE OF PRIMARY RECOVERY FROM 
A DEPLETION TYPE MECHANISM 


The saturation-pressure history for each of the six 
different types of reservoir rock and the 12 synthetic 
oil-gas systems was computed by integrating Equation 
13. The numerical work was carried out with IBM 
computing machines and the results are presented on 
Figs. 6, 7, 8, 9, 10 and 11 as recovery factor vs 
pressure. The recoveries at the assumed economic limit 
of 10 per cent of the bubble point pressure are enu- 
merated in Table |. For convenience the results are 
in terms of STB/acre-ft/per cent of porosity. 

It should be emphasized that there are potential 
hazards in using generalized recovery data of this type. 
It is always preferable to use the actual physical data 
on reservoir rock and its contents, when such data 
is available. This is oftentimes not the case, however, 
certainly not during the initial stages of the development 
of an oil field, when information on potential recoveries 
is most needed. The data presented in Table 1 may then 
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be helpful in establishing the possible range of such 
recoveries. 


COMPARISON WITH ACTUAL RECOVERIES 


In a study made by the well spacing committee of 
the API” the indicated recoveries of a number of 
actual reservoirs are listed, together with the data on 
porosity, gas in solution, shrinkage, etc. On the chart 
of Fig. 12 the recoveries of these reservoirs designated 
as being of the depletion or solution gas drive type are 
plotted against the reported crude oi! gravity. This 
data is supplemented by other recoveries taken from 
the literature. When known, gas-oil ratios are shown 
near the individual points. On this same chart are 
also shown the calculated recovery curves for the three 
types of sandstones and three types of limestones for a 
gas-oil ratio of 400 cu ft/bbl. 


TABLE | — PRIMARY RECOVERY IN STOCK TANK BARRELS PER ACRE-FOOT 
PER PER CENT POROSITY FOR DEPLETION TYPE RESERVOIRS 


Oil 
Solution Oil 

GOR Gravity - 
Cu Ft/Bb! ° API Maximum Average Minimum Maximum Average Minimum 


Sand or Sandstone Limestone, Dolomite or Chert 


60 15 7.22 4.87 1.44 17.87 2.56 36 
30 11.95 8.52 4.88 20.87 6.29 1.85 

50 19.20 13.89 9.46 24.78 11.84 5.07 

200 15 6.97 4.62 1.75 16.33 2.65 51 
30 11.57 7.90 4.38 19.05 5.75 1.52 

50 19.42 13.73 9.15 23.44 11.40 4.36 

600 15 7.56 4.76 2.50 12.69 3.29 .90 
30 10.48 6.52 3.61 14.64 4.70 (1.24) 
50 15.05 9.74 5.85 17.30 7.25 (2.06) 

30 2.34 7.61 4.52 13.26 5.38 (1.63) 
1.9 7.1 10 12.79 4.83 (1.24) 
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As can be seen from Fig. 12, most of the points 
fall well within the range indicated by the different 
curves, which in turn supports the validity of the 
methods used. It is believed that the few fields which 
show recoveries higher than indicated by the maximum 
curves are probably aided by either a partial water 
drive or gravity drainage effects. 


CONCLUSIONS 


1. Recovery factors in line with those indicated by 
actual depletion type reservoirs can be obtained from 
the depletion equation using published correlations of 
physical characteristics of oil, gas, and reservoir rock. 

2. The recovery of oil from a depletion type res- 
ervoir can be correlated with the solution gas-oil ratio, 
the API gravity, and the type of reservoir rock. 


NOMENCLATURE 


Symbol Definition Units 
ft. Reservoir oil viscosity. centipoises 
pw, Reservoir gas viscosity. centipoises 
k, Effective permeability to oil. Darcies 
k, Effective permeability to gas. Darcies 
S, Oil saturation as fraction of total fraction 


pore space. 
'S, Water saturation as fraction of fraction 
total pore space. 
A. Difference symbol. 


125 


‘400 te 
9200 
j 
i 
4000 \ 7 
\ 
| 
6) x 
2 | 30 
~ i 
| 
3200 
| 
+4400 
| 
| 
ii 
= | 
3 
: 
| 
| 
| 
ig 
| 


x 
* 


i 


i 


FIG. 


LIMESTONE (maximum *9/ho) 
3 RELATIVE PE 
+24 
2) 
GENT 
art 
tr} 
£ 
x 


11 —- SATURATION-PRESSURE HISTORY OF LIME- 
STONE WITH MAXIMUM ik,/k,. 


Oil formation volume factor ex- ratio 
pressed as the ratio of the res- 
ervoir oil volume to the stock 
tank oil volume. 
Gas formation volume factor ex- ratio 
pressed as the ratio of the vol- 
ume of gas under standard 
conditions to the volume of 
gas under reservoir conditions. 
Reservoir pressure. atmospheres 
absolute 
Solution gas-oil ratio expressed ratio 
as volume of gas under stand- 
ard conditions to volume of 
stock tank oil. 
Derivative of solubility-pressure ratio 
AR, (constant ) 
function — . 
Derivative of oil formation vol- ratio 
ume factor-pressure function (constant ) 
AB, 
Ap 
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ANALYSIS of RESERVOIR PERFORMANCE k, /k, CURVES 
and a LABORATORY k, /k, CURVE MEASURED on 


ABSTRACT 


Iwo methods are used to obtain 
the relationship between ratio of gas 
to oil permeability and gas saturation. 
One method is to calculate a curve 
from field measurements of reservoir 
behavior: the other is to measure the 
relationship on a core sample in the 
laboratory. The curves resulting from 
these two methods are often com- 
pared and seldom found to agree. 
The most important reason for the 
nonagreement is often overlooked. 
This reason is that the performance 
k,/k, curve is calculated with the 
assumption of uniform pressure and 
saturation throughout the reservoir. 


To show the difference between 
performance type k,/k, curves and 
laboratory type k,/k, curves, two per- 
formance type k,/k, curves for two 
different production rates were calcu- 
lated from the production perform- 
ance of a hypothetical reservoir for 
which a laboratory type curve was 
assumed. Production performance of 
the hypothetical reservoir was calcu- 


Paper presented at Pacific Petroleum Chap- 
ter Fall Meeting in Los Angeles Oct. 7-8. 
1954. Original manuscript received in Petro- 
leum Branch office on Sept. 3, 1954. Revised 
manuscript received July 18, 1955. 


128 


a CORE SAMPLE 


T. D. MUELLER 
J. E. WARREN CALIFORNIA RESEARCH CORP. 
W. J. WEST LA HABRA, CALIF. 


MEMBERS AIME 


T. P. 4102 


lated by use of International Business 
701 Computer. The per- 
formance type k,/k, curves differed 
from the laboratory curve for the 
hypothetical reservoir. The perform- 
ance type curve for the lowest pro- 
duction rate most nearly coincided 
with the laboratory curve. 


INTRODUCTION 


Predictions of oil reservoir per- 
formance are often made with the aid 
of complex numerical calculations. 
An important quantity required in 
these calculations is the ratio of gas 
permeability to oil permeability 
(k./k,) at a particular gas saturation. 
Two methods are used to obtain a 
relationship between this ratio and 
gas saturation. The curves resulting 
from these two methods are called 
performance k,/k, curves and lab- 
oratory k,/k, curves. 

The performance curve is obtained 
from field measurements of reservoir 
behavior. Particular k./k, values are 
calculated from the producing gas- 
oil ratio, the cumulative reservoir 
withdrawals, the original oil in place, 
the average reservoir pressure, and 


the PVT properties of the reservoir 
fluids. The particular k,/k, values are 
then plotted against the average res- 
ervoir gas saturations for the entire 
history period. In order to use this 
derived k,/k, relationship for per- 
formance predictions, a curve through 
these points is extrapolated to higher 
gas saturations. 

The laboratory k,/k, curve is ob- 
tained from measurements made on 
core samples. Saturation is main- 
tained uniform throughout the core 
during these measurements. 

The k,/k, curves obtained with 
these two independent methods are 
often compared and seldom are found 
to be the same. Various reasons have 
been offered for the lack of correla- 
tion. One is that insufficient cores 
were obtained to derive a curve rep- 
resentative of the reservoir rock. An- 
other is that laboratory methods have 
failed to reproduce reservoir condi- 
tions. The most important reason for 
the noncorrelation has been often 
overlooked because of the difficulty 
in evaluating its effect. This reason 
is that the performance or field k,/k 
curve is calculated with the assump- 
tion of uniform pressure and satura- 
tion throughout the reservoir. In any 
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reservoir producing fluids there must 
be a pressure and saturation grad- 
ient, even though those gradients be 
small. Therefore, the assumption of 
uniformity never is fulfilled in prac- 
tice. 

Results presented in this paper 
snow that the performance k,/k, 
curve should never correspond to the 
laboratory derived curve. The method 
used to demonstrate the difference in 
the two curves was to calculate the 
performance of an example reservoir. 
This reservoir was a radial system 
800 ft in diameter producing into a 
9% in diameter well. Porosity and 
specific permeability were assumed to 
be uniform throughout the reservoir. 
The relative oil and gas permeabilities 
were assumed to be only a function 
of saturation. The fluid viscosity and 
phase properties were assumed to be 
only a function of pressure. Two pro- 
duction schedules were used for the 
reservoir. The saturation and pressure 
gradients at specific times for each 
schedule were calculated by IBM’s 
701 Computer. Calculation of the 
performance k,/k, curve for this res- 
ervoir showed that each performance 
curve differed markedly from the lab- 
oratory curve. 

The need for this analysis arose 
while studying specific oil reservoirs. 
In those studies, the performance and 
laboratory k,/k, curves for a particu- 
lar reservoir differed by a larger 
amount than could be attributed to 
errors in field or laboratory measure- 
ments. 


METHODS OF OBTAINING 
k,/k, CURVES 


LaBoraTory k,/k, CURVE 


Laboratory measurements of oil 
and gas permeabilities usually are 
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performed on |-in core plugs. Equip- 
ment used in these measurements has 
been designed to maintain a constant 
saturation throughout the core during 
a particular measurement. Recent ex- 
periments in the laboratory have been 
made on cores 12 in long and 2% 
in. in diameter. In these tests, even 
though a measureable saturation gra- 
dient existed along the core length, 
measurements were made with re- 
spect to a small length wherein the 
saturation was essentially constant. 
The result of these experiments is 
that laboratory k,/k, values refer to 
a specific saturation at a particular 
point in a porous medium. 

Many laboratory measurements 
have been made by California Re- 
search Corp.’ and other research lab- 
oratories.’ All results of these meas- 
urements gave the same general shape 
of relative permeability curves. The 
curves of oil and gas permeabilities 
presented in Fig. 1 are typical of 
these results. They do not refer to 
any particular sandstone, but were 
selected as being representative of an 
average consolidated reservoir sand. 


One important feature of all lab- 
oratory relative permeability curves 
is the existence of a critical gas sat- 
uration. In this paper critical gas 
saturation is defined as the largest gas 
saturation that can exist in a porous 
medium subjected to a pressure grad- 
ient without movement of free gas. 
The critical gas saturation shown on 
Fig. 1 is 10 per cent. The previously 
mentioned references have found crit- 
ical gas saturations in the range be- 
tween 5 and 20 per cent. 


RESERVOIR PERFORMANCE k,/k, 
CURVE 

In order to obtain a reservoir per- 
formance k,/k, curve, the perform- 
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ance of a particular reservoir must 
be known. In this particular study, 
the reservoir performance was calcu- 
lated for a hypothetical reservoir. 
The first step in calculating the per- 
formance of the example reservoir 
was to select specific values of rock 
and fluid properties that were repre- 
sentative of typical oil reservoirs. The 
relative gas and oil permeability satu- 
ration relationships used for the ex- 
ample reservoir performance calcula- 
tion were the laboratory curves given 
in Fig. 1. The basic fluid properties 
are given in Figs. 2 and 3. They were 
obtained from general correlations” * 
for a hydrocarbon system composed 
of a 40° API oil and 0.7 gravity gas. 
The bubble point pressure of the sys- 
tem is assumed to be 5,000 psia. The 
reservoir temperature is assumed con- 
stant at 180° F. Initial pressure of 
the reservoir is assumed to be at the 
bubble point. 

The example reservoir is a radial 
system with outer boundary radius of 
400 ft, a wellbore diameter of 9% in 
and a thickness of 100 ft. Reservoir 
behavior was calculated for two pro- 
duction schedules. In each schedule 
the reservoir was produced at a con- 
stant rate until the flowing bottom 
hole pressure was reduced to 500 
psia. At that point the flowing pres- 
sure was held constant and the pro- 
duction rate dictated by the reser- 
voir characteristics. The two initial 
oil rates were 1,000 and 100 B/D. 

These calculations were performed 
by IBM’s 701 Computer. Satisfactory 
numerical methods’ have been re- 
cently obtained for solving the equa- 
tions of unsteady-state two-phase 
flow in oil reservoirs. The pressure 
and saturation distributions for the 
1,000 B/D initial rate at five different 
times are plotted on Figs. 4 and 5. 
The pressure and saturation distribu- 
tions for the '00 B/D initial rate are 
plotted on Figs. 6 and 7. 

Fluid flow at every point in the 
example reservoir was governed by 
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the specific fluid and rock relation- 
ships given in Figs. 1, 2, and 3. The 
equation relating the flowing gas-oil 
ratio to these variables for a specific 
pressure and saturation is as follows: 


(1) 
where 
R = flowing GOR, std cu ft/STB 
S = solution GOR, std cu ft/STB 
- = ratio of gas permeability to 
oil permeability 
Ho 


II 


ratio of oil viscosity to gas 
Me viscosity 

8 = oil formation volume factor, 
reservoir bbl/STB 


« = gas formation volume factor, 
reservoir cu ft/std cu ft 


Equation 1 is used by field engi- 
neers to calculate reservoir perform- 
ance k,/k, curves. The quantities 
used by field engineers to evaluate 
Equation | are as follows: (1) the 
average static reservoir pressure; (2) 
the average reservoir gas saturation; 
and (3) the producing gas-oil ratio. 

Specifically in Equation 1, the pro- 
ducing gas-oil ratio is entered as R; 
the solution gas-oil ratio, viscosities, 
and formation volume factors are se- 
lected at the average reservoir pres- 
sure and entered as S, and 
x; and Equation 1 is solved for 
k,/k,. The resultant k,/k, is then 
plotted against the corresponding av- 
erage reservoir gas saturation. Use of 
Equation 1 in this manner presup- 
poses that no pressure or saturation 
gradients exist in the reservoir. In 
practice this assumption is never true 
because the producing gas-oil ratio is 
measured at the wellbore face which 
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under producing conditions has a 
lower pressure than the field average. 
Therefore, an equation that refers to 
a particular point is used with quanti- 
ties that pertain to different points in 
the reservoir. 


RESULTS 


After the IBM 701 Computer cal- 
culated the saturation and pressure 
distributions existing in the example 
reservoir at different times, results 
were available that permitted calcula- 
tion of a field performance k,/k, 
curve for the example reservoir in the 
same manner that is used by field 
engineers. Two performance k,/k, 
curves are given in Fig. 8 that corre- 
spond to the two production sched- 
ules. Also, the laboratory k,/k, curve 
is given in Fig. 8 for comparison. Al- 
though the performance k,/k, curves 
are restricted to the example reservoir 
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produced with the chosen programs. 
the general position of the perform- 
ance curves with respect to the lab- 
oratory curve should be characteris- 
tic of all performance k,/k, curves. 

One striking feature of the per- 
formance k,/k, curve is that the criti- 
cal gas saturation has shifted to a 
lower value than that of the labora- 
tory curve. The reason for this is evi- 
dent when one considers that free gas 
may be flowing from a small volume 
at the lower pressure in the neighbor- 
hood of the borehole with no free 
gas flowing from the remaining large 
volume of the reservoir at the higher 
pressure. Thus, k,/k, can be greater 
than zero for average reservoir gas 
saturations that are much less than 
the critical gas saturation of the lab- 
oratory measurement. 

Another feature of the perform- 
ance curve, particularly that one as- 
sociated with the 1,000 B/D initial 
oil rate, is the several pronounced 
humps. The laboratory curve in com- 
parison is monotonic. The changes 
in curve shape were associated with 
pressure and saturation transients 
and the change in production pro- 
gram when the flowing bottom hole 
pressure fell to the minimum value 


All differences between the two 
type curves given in Fig. 8 are caused 
by calculating gross reservoir behav- 
ior with an equation that refers to 
a particular point in the reservoir. 


CONCLUSIONS 


If the relative permeability curves 
used in this study describe simultan- 
eous flow of gas and oil in a solution 
gas drive reservoir, then the following 
conclusions can be made: 
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Curves A and B are calculated from the produc- 
tion performance of the hypothetical reservoir; for 
Curve A initial production rate was 1,000 B/D, 
and for Curve B initial production rate was 100 
B/D. Curve C wos measured in laboratory on a 
core sample and was part of basic dato used in 
calculations to obtain production performance of 
hypothetical reservoir. 


Chis paper demonstrates a major 
cause for the difference between lab- 
oratory and field performance k,/k, 
data. However, since laboratory meas- 
urements of fluid and rock proper- 
ties do not exactly represent the 
reservoir, there is some question as 
to whether the time and expense of 
the accurate numerical procedure and 
machine computation advocated in 
this paper is justified at the present 
time for predicting gross field per- 
formance. Until variations in the res- 
ervoir geometry and properties can 


THOMAS S. HUTCHINSON 


|. The method used by field engi- 
neers in making calculations of per- 
formance k,/k, curves will never 
give exactly a laboratory k,/k, curve, 
even though the behavior of every 
point in the reservoir is governed by 
the laboratory k,/k, curve. The per- 
formance and laboratory k,/k, curves 
are most different at low gas satura- 
tions. The lower the production rate. 
the more nearly the two curves will 
coincide. 

2. Even if the laboratory k,/k, 
curve which governs flow behavior in 
the reservoir is smooth, the perform- 
ance k,/k, curve can have distinct 
humps. These humps are associated 
with transient behavior of the reser- 
voir and changes in production pro- 
gram. Therefore, the extrapolation of 
the performance type curve for pre- 
diction purposes should be done with 
caution. 

3. The best use of laboratory k,/k.,, 
curves could be achieved by caiculat- 
ing reservoir behavior on a high 
speed digital computer such as an 
IBM 701. 


DISCUSSION 


ATLANTIC REFINING 


MEMBER AIME DALLAS, TEX. 


be sufficiently defined, we might ask 
if the errors in the results obtained 
when assuming idealized geometry 
and uniform permeability and poros- 
ity are much less than the errors ob- 
tained with the additional assumption 
of uniform saturation. The answer 
may well be yes and that the im- 
proved accuracy justifies the more 
lengthy and expensive calculation, 
but this question has not been an- 
swered. It is, of course, obvious that 
such a calculation is warranted when 
examining such theoretical problems 
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as the effect of rate on recovery, but 
the question we ask concerns the 
prediction of reservoir performance 
for engineering purposes. 

In their Conclusion 2, the authors 
caution the reader against extrapolat- 
ing performance k,/k, data for pre- 
diction purposes. With laboratory 
data and the standard calculating 
procedures, no extrapolation should 
be necessary. The field data and the 
authors’ explanation for the differ- 
ence between laboratory and field 
data should then serve as a check on 
the reasonableness of the results. 


AUTHORS’ REPLY to THOMAS S. HUTCHINSON 


The authors agree with Thomas S. Hutchinson that 
field data are subject to many inaccuracies. It seems to 
us that an investigation of the affect of these inaccura- 
cies could easily be done with the aid of a high speed 


computing machine. It is interesting to note that the 


cost of computing reservoir behavior with a high speed 
computer, once computer procedures have been com- 
pleted, is relatively low. For example, a complete solu- 
tion of the type given in the paper costs less than $100. 
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ABSTRACT 


The application of the Seintillometer to radioactivity 
surveys in boreholes of oil wells has made it possible to 
determine bed thickness with a high degree of accuracy. 
This fact, combined with known relation of logging 
variables, makes thin bed porosity determination prac- 
tical. 

With the use of the Scintillometer a method has been 
derived whereby the apparent level of radiactivity, as 
recorded on radiation logs, may be converted to the true 
level. The true level of radioactivity is that level to 
which the recording pen would have traveled had the 
detector remained at a given depth for an infinitely long 
period of time. This factor is: 

L/D 
| 
radioactivity level, R, is the apparent radioactivity 
level, T is the bed thickness, D is drag, and L is the 
length of the detecting system. This method depends 
entirely on accurate measurements of bed thickness and 
drag. A thorough discussion of the concept of time 
constant and logging speed as related to drag is under- 
taken. 


R./R, = where R, is the true 


Log. 


INTRODUCTION 


Neutron curve interpretation has become one of the 
accepted methods for porosity determination in oil field 


‘References given at end of paper. 
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practices. A great deal of literature has been published 
about neutron derived porosities, but this has been 
concerned with thick beds, or possibly even averaging 
of a series of thin beds as a single unit. There has been 
a lack of written information on methods whereby 
porosity can be evaluated for beds less than 10 ft in 
thickness. 

In certain areas, production is derived trom rela- 
tively thin formations. The importance of thin bed 
evaluation, the fact that the Scintillometer is an ade- 
quate tool for this application, and the general lack 
of published information concerning neutron porosity 
for thin beds are the fundamental reasons for pre- 
senting this method of porosity determination. This 
concept is not put forth with the idea of discounting 
existing methods, but is merely suggested as a modi- 
fication of other accepted methods of porosity deter- 
mination which makes no allowance for quantitative 
evaluation of thin beds. The effects on the neutron 
log of counting statistics, statistical variation in the 
porosity of earth materials, and hole size must be 
taken into account to obtain neutron derived porosities 
Since these effects have been described in past litera- 
ture, the authors have not made an attempt to go into 
the subject in detail. With the use of statistical and 
repeated sections on the log, it may be determined 
which responses on the log actually correspond with 
lithologic changes. 


EFFECT OF DRAG AND ITS RELATIONSHIP 
TO TIME CONSTANT AND LOGGING SPEED 


Before entering into a discussion of porosity deter- 
mination of thin beds, there should be a thorough 
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Fic. 1 — SHOWING THE EFFECT OF DRAG AND BED 

THICKNESS ON THE GAMMA Ray CURVE. THE UPPER 
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understanding of the concept of drag, as related to 
time constant and logging speed. 

1. Drag is the vertical distance travelled by the log- 
ging tool in the hole while the recording pen is respond- 
ing to an abrupt change of radioactivity level at the 
boundary of adjacent beds (see Fig. 1). Because of 
the time constant of the recording and counting in- 
struments, the recording pen will not respond instantly 
to an abrupt change in level of radioactivity to which 
the Scintillometer may be exposed. For thin beds max- 
imum deflection may never be reached. For thicker 
beds, the pen will approach a maximum deflection 
which corresponds to the true radioactivity level of the 
formation. Drag is defined by the following equation: 

2. Time constant is the time required for the re- 
sponse of the recording device to drop 1/eth of its 
original value, or to reach about 2/3 of its final value, 
when the cause of the response is removed. The sym- 
bol “e” denotes the base of the naperian logarithm and 
is equal to 2.718. 

Time constant is expressed in seconds and in com- 
mon logging use may vary from 1 second to 30 sec- 
onds. It is normally set prior to recording the log and 
is therefore always known. Logging equipment should 
be equipped with surface control of time constant in 
order that it can be changed whenever necessary during 
a logging operation. 

A series of typical logs run over the same interval 
with a constant logging speed, and with changes in 
time constant settings is shown in Fig. 2. Note that as 
time constant is increased, drag increases proportion- 
ately. 

3. Logging speed is the rate at which the detecting 
instrument is traveling through the borehole. It is ex- 
pressed in feet per minute. Fig. 3 shows the same 
logged interval with a fixed time constant setting but 
with varying logging speeds. 


THIN BED POROSITY DETERMINATION 


It was noticed by the authors that in comparing 
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Fic. 2—QutT HoLe NEUTRON LOG, SHOWING THE 
EFFECT OF CHANGING TIME CONSTANT WHILE MAIN- 
TAINING A CONSTANT LOGGING SPEED (15 FT/MIN). 


neutron logs with core data, there was an excellent 
degree of correlation. By plotting porosity values on 
semi-logarithmic paper with porosity plotted logarithm- 
ically’ as the ordinate and with deflection from the 
zero line (the level of zero radioactivity) as the ab- 
scissa, porosity values fell along a straight line with 
a high degree on continuity. 

It was also noted that porosity values for thin beds 
(beds less than 10 ft in thickness) fell either well 
above or well below the curve, not corresponding to 
the points as determined from neutron deflection in 
thicker beds. Consequently, a correction factor was cal- 
culated, which, when applied to the thin beds, placed 
the points either on or very near the curve (Fig. 4). 


The correction factor is based upon the fact that in 
radioactivity logging the recording pen does not reach 
its maximum deflection in thin beds because of the 
influence of drag. This method calculates the point to 
which the pen would have traveled laterally disregard- 
ing the influence of drag, assuming an infinitely slow 
logging speed and an infinitely short time constant. 


A formula has been derived whereby the relation- 
ship between true radioactivity and apparent radio- 
activity may be calculated. The formula depends upon 
the true thickness of the thin bed and the drag char- 


3 
+ 
S 
Fz 4 
= 
10 FT. /MIN, 20 FT./MIN. SOFT/MIN. 


LOGGING SPEED 


Fic. 3— Out HoLe NEUTRON LOG, SHOWING THE 
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acteristics for the particular log. The formula may be 
stated as follows: 


R, L/D 
R, oP 
where R, = true radioactivity; R, = apparent radio- 


activity; L = length of detecting system; T = bed thick- 
ness; and D = drag. 

In reference to Fig. 5, S, is the deflection which the 
pen would have reached assuming an infinitely slow 
logging speed and an infinitely smal! time constant. S, 
is the deflection which the pen actually records on the 
neutron log. S, can be determined as the product of S, 
and the calculated value of R,/R,. The value of S, so 
determined is then used in conjunction with a calibra- 
tion curve of the type shown in Fig. 4 to obtain the 
porosity of the thin bed in question. 

By using the curve (Fig. 6) with R,/R, plotted 
logarithmically as the ordinate and 7/D plotted as the 
linear abscissa, a great deal of the mathematics of the 
problem can be eliminated. 


In the past it has been rather difficult to accurately 
determine the value of bed thickness, 7, which is re- 
quired in the above equation for R,/R,. This resulted 
from the fact that the length of instruments used for 
detection was so great that it was impossible to pin- 
point formation breaks. With the advent of the Scin- 
tillometer into radiation logging, the problem has been 
simplified, since formation breaks may be determined 
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to accuracies within a few inches. Since the instrumen! 
is Only a few inches in iength, it may be assumed that 
it is essentially a point-type indicator. 

Because of the spacing factor between the neutron 
source and the neutron counter, formation breaks are 
not as accurately determined from the neutron log. 
For this reason the bed thickness should be picked 
from the gamma ray log and applied to the neutron 
log for determining the true radioactive values of thin 
beds. 


On an out-hole gamma ray log the lower boundary 
of any lithologic break is indicated at the depth at 
which the detector actually enters the lithologic break 
and on the log is designated as the depth at which the 
pen actually begins to move from one level of radio- 
activity into another level of radioactivity. On leaving 
the above mentioned lithologic break, the top may be 
determined as the depth at which the detecting instru- 
ment leaves the bed, or the depth on the log at which 
the pen begins to travel to a new level of radioactivity. 
This is illustrated in Fig. 1. 

In determining the equation for correcting the gamma 
ray deflection to true radioactivity level, the length fac- 
tor of the detecting instrument may be neglected. The 


equation is plotted as Curve H in Fig. 6. 
1 
R./R, = i-e™ 


R, = true radioactivity level T = bed thickness 

R, = apparent radioactivity level D = drag 

The equation is plotted in Fig. 7. 

In considering the neutron log, the spacing between 
the Scintillometer and the neutron source is taken as 
the length of the detecting system. This is possible be- 
cause both the detector length and the source length 
are negligible as compared to the entire length of the 
system. The formula for determining the ratio of the 
true radioactivity level to the apparent level is as 
follows: 

R, L/D 
R, e” e” 
Log. ere 

Fig. 6 shows curves plotted from the equation using 

L/D factors of 0, .5, 1, and 2. In common logging prac- 
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Fic. 5 — IDEALIZED RADIOACTIVE LOG CURVE. 
As the scintillation counter reaches depth ‘‘L,’' the pen commences to move 
laterally to depth “‘M'' as the counter moves to depth is the line 
of apparent radiation as measured by the instrument. Rr is the line of true 
radiation. Counter enters bed at depth ‘‘L'' and leaves at point ‘‘M.’ 
“T' is the bed thickness. S: is the distance from ‘‘L'’ to Ra. S» is the 
distance from ‘‘L'’ to Re. 
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uce the L/D value will fall between the factors .5 and 
1. Drag may be calculated from the time constant and 
logging speed as shown on the log heading. Source 
spacing should also be noted on the log heading. 


The procedure for determining the true radioactivity 
level for thin beds on the neutron log is as follows: 
Where R, = true radioactivity; R, = apparent radio- 
activity; 7 = bed thickness; D = drag; and L = length 
of the detecting system: 


1. Determine 7 from the gamma ray log. 


2. Determine D from the neutron log instrument 
settings. 


3. Determine L from the neutron log spacing. 

4. Calculate L/D and T/D. 

5. Enter the appropriate curve on Fig. 6 and deter- 
mine R,/R,. 

6. Measure R, from the neutron log. 


7. R, may then be solved by the equation 


R, 
R.= — XR, 
R, 
If the L/D factor falls between 0 and .5 or between 
.5 and 1, values can be interpolated from the curve in 


Fig. 6. 
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Fic. 6 — GRAPH OF THE EQUATION 


= Curve H: L/D 
R, L Curve |: L/D 

x e” Curve J: 1 
Log. . 4 Curve K: L/D = 2 
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CONCLUSIONS 


This method of porosity determination of thin beds 
from neutron logs is presented as a modification and 
an addition to other methods as published in the litera- 
ture. Many articles have been contributed upon the sub- 
ject of neutron log porosity determination, but up to 
this time there has been little published on the prob- 
lem as related to thin beds. This paper is intended to 
explain the concept of drag as related to logging speed 
and time constant, the effects of neutron source to 
detector spacing, and to show their relationships to 
deflection of the neutron curve. The entry of the Scin- 
tillometer into the field of radioactivity logging makes 
it possible to determine bed thickness accurately and 
therefore opens a new field whereby porosity of thin 
beds may be determined from the neutron log. 
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APPENDIX 


DERIVATION OF THE EQUATION FOR 
DETERMINATION OF TRUE RADIOACTIVITY 


The assumptions used in deriving the equation are 
as follows: 

|. Borehole effect is neglected. 

2. Adjacent bed effect is neglected. 

3. The spacing between the Scintillometer and the 
neutron source is considered as the length of the detec- 
tion system. 

4. The detector is equally sensitive along its length. 

The symbols used as as follows and the conditions 
illustrated in Fig. 7. 

R, = true radioactivity level 

R, = apparent radioactivity leve! 

T = bed thickness 
D = drag 
L = length of detecting system 
S = distance along the borehole 
(1) The response R(S) along the borehole to a single 
linear rise is: 


1 
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(2) In the vicinity of R, (maximum) the total response 


1S: 
R = R(S) — R(S — L) — R(S — T) 
= (S — Dil — e*™) 

raed 

(S-T) 
L = 


dR 
(3) To find R(maximum), let as = 0, and eliminate § 


dR l l LD 
dS L ( 1 + | e ) 
since — e*”) = l 


l 
then — S = D Log. 
* 


R (maximum) = L (D Log, L + T) 


l 


= — Log. i 
R, 
(4) = 
R, R (maximum) 
R, L/D 
(5) L/D 
R, € 
Log. D4 et 


(6) In order to determine R,/R, for the gamma ray 
curve, neglect L. 
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the present and the future. To accomplish this steady production 
progress, Magcobar has reinvested a far greater 
percentage of its income in additional production facilities for 
the oil industry than any other mud company. The scope of 
Magcobar plants is shown in this composite drawing. 
All these resources are provided for oi! operators 
so that wherever they drill, whenever they drill, 
they may be assured of the same high 
quality product. Look for the Magcobar 
| Dealer sign when you need mud. 


MAGNET COVE BARIUM CORPORATION 
ONE OF THE DRESSER INDUSTRIES *. 
HOUSTON, TEXAS 
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LARKIN 
CEMENTROL LARKIN 
FLOAT ‘ CEMENTROL CEMENTROL 
SHOE CEMENTROL COLLAR COLLAR 
with Flapper FLOAT with Flapper 
Valve SHOE Valve 


Originated by Larkin to solve a specific completion problem — 
and doing an outstanding job year after year. 


Cementrol, by means of its expansible Neoprene packing ele- 
ment which is hydraulically actuated by surface pump pressure, 
prevents cement intrusion into exposed producing formations. 
The individual or combined use of any of the types illustrated 
will protect formation at any point along the casing string. 


Please refer to your Larkin Catalog, or call your Larkin repre- 
sentative, for a solution of your cement contamination problem. 


Cementrol is available . . . “Through Your Supply Store” 


LARKIN PACKER COMPANY, INC. 


CEMENTROL... 
| the moit | 
for pritecting 
| 
ST. LOUIS, MO. 


